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INSTRUCTIONS FOR MAKING AERO- 
LOGICAL OBSERVATIONS 

BY MEANS OF KITES, AIRPLANES, SOUNDING BALLOONS, LIMITED-HEIGHT 
SOUNDING BALLOONS, FREE-RISING CAPTIVE BALLOONS, AND CEILING BAL- 
LOONS 

The following instructions will supersede those contained in W. B. 
740, Instructions for Aerological Observers (1921), and include all 
methods used by the Weather Bureau for making aerological obser- 
vations except pilot balloons, the latter instructions being contained 
in Weather Bureau Circular O (1928). 



KITES 

I. SELECTION AND ESTABLISHMENT OF A KITE STATION 

1. Sites for kite stations must be chosen with considerable care. 
The country surrounding a kite station should be as free as possible 
from forested tracts, lakes, marshes, rivers, etc.; also, from towns, 
steam and electric railways, and high-tension power lines. In as 
much as free-air winds in this country blow for the most part from 
some westerly direction, it is essential that there should be as few 
as possible of the undesirable features above mentioned on the easi; 
side of the station. Fairly good roads are necessary in order that 
kites that have broken away may be readily recovered. 

2. In many respects kite flying can be carried on most effectively 
if the station is completely isolated, so far as centers of population 
are concerned, but, on the other hand, difficulties of transportation, 
of procuring power and lights, and of providing good living con- 
ditions for the men render such a location inadvisable. As a com- 
promise the Weather Bureau therefore selects sites with open country 
to the east, but with a small town (1,000 to 2,000 population) approx- 
imately 1 km. to the west. The plot used as a kite field is usually 
square and contains 40 acres of land, as nearly level as possible, 
cleared of trees, stumps, etc., and surrounded by a sufficiently strong 
fence to keep out live stock. 

3. In case there are telegraph, telephone, or high-tension lines 
within a distance of 2 or 3 kms. to the north, east, or south, an extra 
" guard " wire is installed about 1 foot above the service wires. 
Power and lights are furnished from the town plant to the station 
by means of underground circuits. All buildings, excej^t the reel 
house, and all surface instrumental equipment are located in such 
part of the western side of the field as is most readily accessible from 
the town. 

4. The instrument shelter, wind tower, etc., are installed in accord- 
ance with instructions issued by the Instrument Division. Figure 1 
shows the customary arrangement of buildings and instrumental 
equipment, as well as the location of the kite field with respect to 
the adjacent town. 

5. The geographic coordinates of the stations are determined in 
the same way as for all other Weather Bureau stations. Latitude 
and longitude can be found for many places in bulletins of the 
Geological Survey, Lippincott's Gazetteer, and other publications. 
The data from these sources are used, after verification as to their 
accuracy by reference to a recent issue of Rand McNally & Co.'s 
Atlas. When there are no published data, the latitude and longi- 
tude, as shown by the station s location in this atlas, are used. Alti- 
tude is determined by running a line of levels from the nearest 
" bench mark." The height of the barometer cistern is taken as the 
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official station altitude above sea level. The methods of determining 
true meridian are described in Instructions for Making Pilot Balloon 
Observations, Weather Bureau, Circular O, 1928. As soon as the 
cardinal points are established, white posts are placed around the 
outer portion of the kite field, exactly north, northeast, east, etc., of 
the reel house, in order that wind direction, both at the surface and 
in the free air, may be readily determined. 

6. The main building is oi frame construction, one and one-half 
stories high, and is used for office quarters, carpenter shop, and kite 
storage. It is 26 ft. wide, 48 ft. long, and approximately 24^ ft. 
from the ground to the peak of the roof. The dimensions of the 
office and computing room are 25 by 14 ft.; of the carpenter shop, 
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Figure 1. — Plot showing the position of buildings and kite field at Ellendale, N. Dak. 

25 by 12 ft.; and of the kite-storage room, 25 by 20 ft. — all inside 
measure. An attic provides additional room for the storage of kites, 
extra kite sticks, and miscellaneous supplies and equipment. Full, 
specifications and sketches are on file at the Central Office of the 
Weather Bureau. Fig. 2 gives a front view of one of these buildings. 

II. KITE REEL HOUSE 

7. It is necessary to have a small building of special design and 
construction in order to obtain the best results in kite flying. This 
building consists essentially of two parts — a turntable, by means of 
which the doorway may be turned to any desired direction, and a 
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supei-struclure sutticiently large to acvointnoilate tlii' kite reel and 
accessory apparatus. Tlie whole is iiioiinte<l on a ciieiilur concrete 
wall 20 ins, tliick and ."Kl ins. deep, inclosing a. space 10 ft, 8 ins. in 
diameter. This inner space is excavateil to a depth of -2 ft, below 
the top of tlie wall, tlms providing room for adjiiHting the electric 
wiring from time to time and for inspecting tlie " groun<l " connec- 
tions, turntable, etc. 

8. The turntable consists of five curved pieces of heavy iron rail, 
on which the wheels that carry the weight of the bnilding turn, the 
turning being readily accomplished by means of an endless cable 
leading from the trucks to a suitable hand apparatus mounted inside 
the house. 

9. The superstructure itself is about 15 ft. in diameter at the floor, 
tapering to 14 ft. at the eaves. The floor is about 2 ft. ins, above 
the ground; the eaves, \)i ft., and tlie peak of the roof, 15 ft. At 
the front of the building is a doorway about 8 ft. in width and ex- 



FiCL-EE 2.— Front view of office and tlte storage building !it BrokOD Arrow. Okla. 

tending fi'om the floor to the eaves. This large doorway is pro- 
vided because, in addition to the reel and the theodolite which oc- 
cupy a part of this space, it is necessary for the observci's fo pass in 
and out in order to launch or land kites, make observations of clouds, 
etc, 

10. A small window at the rear of the house gives additional light 
and ventilation, and a trapdoor ]5rovides easy access to the space 
inclosed by the foundation wall. At northern stations it has been 
found advantageous to have about one-third to one-half of the reel 
house divided otf by a wooden partition, this small room being heated 
by an oil stove during cohl weather to lessen the discomfort of the 
observers on duty. 

11, A wind vane is attached to the top of a vertical shaft extending 
through the peak of the roof, and at the lower end of this shaft 
another arrow is fastened with the same orientation, thus making 
it possible to observe the surface wind direction from inside the reel 
house. 
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. 12, On the left side of the building, as one faces tlie doorway fron* 
the inside, a ytandaril Weather Biftrean instrument shelter is in- 
stalled. This shelter, as is well known, has a double roof to prevent 
heating of the inside air by the sun's rays. Additional protection 



s providi 
,nd proji 



_)rojecting about a foot beyond the limits of the instrument 
shelter, (generally speaking, this extra precaution is unnecessary, 
since there is usually a good breeze blowing, and therefore plenty 
of ventilation, while a kite flight is in progress, 

13. Complete specifications and drawings for the construction of 
reel houses are on file at the Central Office of the Weather Bureau. 
A general view of one of these reel houses is shown in Fig. 3. 



FicuRE 3. — Close view at ktte ceel house at Ellendale, N. Dak. 
III. KITE REEL AND MOTOR 

14. The kite reel, now in general use at Weather Bureau aerolog- 
ical stations, was originally designed by Prof. C- F, Marvin and 
later modified by Maj. Wm. R. Blair. Except for the drum, it is 
made largely of cast iron and its weight is such as to render it stable 
under any pull that may be exerted by the kites. Two views are 
shown in Figs. 4 and 5. The most prominent features are the solid 
base and substantial frame, the drum and the three small wheels 
which guide the wire from the drum to the kites. One of these 
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wheels, at the front, is so mounted that it can accuinnioJate itself to 
the direction which the wire assumes under the influence of the 
wind's action on the liiles. The other two wheels, at the top, are 
mounted on a distributor carriage which travels back and fortli 
under the action of a cam, shown in the upiJer right-hand part of 
Fig. 5. 



FiQCDE 4. — Right front view o( kite reel 

15. Other details iu tliis figure are the hand bralie and the operat- 
ing gears. In Fig. 4 may be seen the foot brake (auxiliary to the 
hand brake), a Veeder counter, and a dynamometer for indicating 
amount of wire out and pull exerted by the kites, respectively. The 
drum, which is the result of numerou!^ trials with different types, 
consists of three pieces — the barrel and two spiders. The former is 
made of cast semi-steel and the latter of cast iron. The spiders 
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merely center the barrel on the shaft and rotate it, but carry none of 
the accumulated strain to which the drum is subjected by the piling 
up of the successive strands of wire. The two brake wheels and two 
driven cears are mounted on the same shaft with the drum. The 
latter, shown in Fig. 5, are of different diameter, the larger being for 
slower speeds. The gears engaging these are always in mesh, and 
power is applied to either of tliem by means of a double-throw fric- 
tion clutch at the rear of the reel within easy reach of the operator. 



FCGUBE 5. — Left front view of kite reel 

Complete specifications and drawings for construction of kite reels 
are on file at the central office of the Weather Bureau, 

16. The kite-reel motor. — Power is furnished by an electric motor, 
so designed as to run at any speed between about 400 and 1,800 revo- 
lutions per minute, and for any pull up to that equivalent to about 5 
horsepower. Such motors can be obtained for either direct or alter- 
nating current. Power is transmitted by means of chain and 
sprockets. One of these motors (for direct current, in this case) is 



8 ixsTiirfTiiixs Fill; makixij akikh-ooical ouskiivatioxs 

^liowii in Fiff, (i. Sjjird is refill titcil liv iiu'siiis uf tin- ishuft l(.>adiii^ 
fi'oiii t)ic iniitoi' til a jxisitioii witliin t-tisy n-m-h of llic opuriitor. At 
altetulv stated, tlic sixi-il fan bt' still fiiitluT rcjiiilatcd by tlie u.se of 

one or the otlit'i" of the two ilriven jiears shown in Fi;;. 5. 

17. I'rofecttoii <njalii«t fii//ifii!iii/.- — B<ith in jinil out of the AVeatlier 
Bui-eaii stTvicc tlie (lyin^r of tlie kilfs has been attended by danjK'r 
from lifrlitiiinfx to the persi)ns enjriified in tlie work, and it is therefore 
neccHsai'V to use eveiy preeiuition lo iivoid ixissibh- injuries. In 
addition, daniiijre to properly shoiihl \n- miuiini/fd. 

IS, Jt is well known that even the wel stiin^ nseil in fl_vin<r i-onimM 
kites will iiecasionsdly |)erniit n eunsidei'iilile dischiirtre to earth dtirinir 



a thunderstorm, liut when sleel wire is employed to liotd a box kite, 
the metal provides a bettei' eomluetinfi path for the lijihtnin^r. A 
direet discharge fi'om elouds to earth will qnickly melt or vaporize 
the wire, but the wire will have ilirwied the diwcharfre, the air along 
the path beoomiiifr a frood condnctiiifr medium by reason of its 
becominfr ioiii/.ed. There is also occasionally a eonsi<lei'able induc- 
tive discharge, 

1!). From the foiegoing, there evidently must be sinrn- reliable 
means for conducting dangeious discbarges to earth as well as for 
completely insnlating the reel when it is desired to measure the 
atmospheric ele<tric pot<'ntial. This has been accompli.slied according 
to the following plan. 
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20. The kite reel is insulated from the floor by being mounted on 
blocks of fiber, as indicated in Fig. 6, and the sprocket which is 
driven by the chain from the motor is composed for the most part of 
fiber. This insulation makes possible the measurement of electric 
current on the kite wire. Although such measurements have yielded 
little of scientific interest, they are 
useful, especially in summer, as 
indicators of possible trouble from 
approaching thunderstorms, when 
there may be no other evidence. 
Tender such conditions disruptive 
(lischaigea of considerable in- 
tensity sometimes i-ender advisable 
the shortening of a flight which 
otherwise might biive been con- 
tinued until too late for comple- 
tion before the arrival of a 
til under storm. 

21. Accordingly, Weather Bu- 
reau stations are furnished with 
electrostatic voltmeters of the 
Braun type for this purpose. A 
long switch, which is opened dur- 
ing these measurements, at other 
times connects the reel witli a 
^\-in. stranded cop^ier cable to a 
"ground" formed by driving a 
10-ft. length of I'^-in. galvanized-ii 
iind fitting the upper end to receive 

The attachment at the i-eel is formed as directly as possible, all sharp 
bends being avoided. As an ad<led piecaution, a copper cable is led 
from the reel to the trucks which cany the wlieels, and the rail upon 

whicli the kite house turns is tnen 
grounded by making four connec- 
tions through No. G copper wire to 
four 10-ft. lengths of %-in. gal- 
vanized-iron pipes placed 90° 
apart just outside the periphery of 
the structure, as shown in Fig, 8. 

22. The foregoing description 
and the following instructions 
should be supplemented by those 
given in U. S. Department of Ag- 
riculture, Fanners' Bulletin No. 
pii)ea'''p?ac«f*rt ^^^^' ^hich Contains general i" 



)n pii)e vertically into the earth 
^ connector, as sliown in Fig. 7. 




M.— Mfthod of 
stHU'd liitci-valB around' tin 



 'periphnry formatiol 
oi reel iioum; protCCtioH. 

23, Attention should, in particular, be given to the grounds to see 
that tliey are well made, and it should be known with certainty that 
the pipes are in contact with soil that is moist throughout the year. 
Furtliermore, the iron-pipe grounds must be periodically inspected 
to learn to what exterft corrosion is occurring, and the pipes replaced 



10 IXSTRUCTIOXS FOR MAKING AEHOLOGICAL OBSERVATIONS 

as often as needed. After the connections have been completed to 
the ground pipes, paint the upper ends of the pipes and the attached 
fittings with two coats of metallic paint. 

24. Following is a list of the material required for protecting 
one reel house : 

12 feet, u\-in. copi)or cable. 

2, A -in. solderlesss connectors. 

1» % by %-in. galvanized machine bolt. 

1, li/4-in. galvanized malleable-iron cap. 

10 feet, IVi-in. galvanized standard pii)e. 

40 feet, 'Ji-in. galvanized standard pipe. 

4, '"Ji-in. malleable-iron caps. 

8, %-in., 12-24, round-head iron machine screws. 

8 iron washers for same. 

6 feet, No. 6 copper wire. 

1 switch for breaking " ground." 

25. In addition to the precautionary measures above outlined, it 
has been found advisable for those engaged in the work to be pro- 
vided with rubber gloves and boots (luring thunderstorms. More- 
over, the utmost care should be taken in landing secondary kites. 
The splice wire should be taken off at the reel house and the kite 
then landed at as great a distance from the wire as possible; other- 
wise the observer might readily form a short circuit for the light- 
ning from the kite wire to the earth. 

26. The end of a heavy 2-inch plank is placed under the reel, 
which is mounted on insulating blocks just about high enough to 
hold the plank firmly. This plank then serves as a runway, or 
platform, from which the kites can be handled without the operator 
being in contact with the ground ; and should the plank become wet 
it is in contact with the well-grounded kite reel, rather than with 
the ground direct. This simple device gives the observer addi- 
tional protection from the atmospheric electricity carried on the 
wire, and also gives him nearly 3 feet additional height from which 
to handle a nearly vertical kite wire on a reel-in in squall winds. 

27. During severe conditions it is advisable to clamp the brake 
securely and leave the reel house, with the kites flying, until the 
passing of the storm. 

IV. KITE W^IRE 

28. In meteorological kite flying, steel music wire, popularly 
known as " piano " wire, is generally used for the main line ; it is 
far superior to any other material thus far tried for this purpose, 
because in it are combined the very desirable qualities of great and 
uniform strength in proportion to weight and bulk, and a smooth 
surface. 

29. This Avire is manufactured in a large number of sizes, which 
are indicated in Table 1. There are also shown the corresponding 
weights per 1,000-meter lengths and tensile strengths. In conse- 
quence of slight variations in diameter the weights and tensile 
strengths of different lots of wire are likely to vary 5% or more 
from the values stated, and specimens from the same piece will some- 
times vary in strength 2% or more. Also deterioration with use 
causes a gradual reduction of strength. Accumulated experience in- 
dicates that the working stress ordinarily should not exceed two- 
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thirds of the ultimate tensile strength. It is usually purchased on 
spools of various amounts and lengths, the smaller sizes, as a rule, 
being in longer pieces than the larger. For the main line, the longest 
pieces obtainable should be used in order to avoid the necessity of 
making numerous splices. 



Table 1. — Data of steel music wire used in aerologieal observations 



Diameter 


Weight of 1,000 meters 


Ultimate tensile strength 


Millimeters 


Inch 


Kilograms 


Pounds 


Kilograms 


Pounds 


0.20 


0.008 


0.29 


0.64 


10 


22 


0.22 


0.009 


0.33 


0.73 


14 


31 


0.25 


0.010 


0.40 


0.88 


17 


37 


0.27 


0.011 


0.49 


1.08 


21 


46 


0.30 


0.012 


0.59 


1.30 


26 


57 


0.34 


0.013 


0.69 


1.52 


31 


68 


0.37 


0.014 


0.84 


1.85 


37 


82 


0.42 


0.016 


1.05 


2.31 


44 


97 


0.46 


0.018 


1.32 


2.91 


52 


115 


0.50 


0.020 


1.63 


3.59 


61 


134 


0.55 


0.022 


1.95 


4.30 


74 163 


0.61 


0.024 


2.25 


4.96 


85 187 


0.66 


0.026 


2.60 


5.73 


97 214 


0.71 


0.028 


3.08 


6.79 


113 249 


0.76 


0.030 


3.56 


7.85 


126 


278 


0.81 


0.032 


4.00 


8.82 


140 


309 


0.86 


0.034 


4.52 


9.96 


148 


326 


0.91 


0.036 


5.00 


11.02 


162 


357 


0.97 


0.038 


5.71 


12.59 


178 


392 


1.02 


0.040 


6.37 


14.04 


189 


417 


1.07 


0.042 


6.94 


15.30 


203 


448 


1.12 


0.044 


7.46 


16.45 


223 


492 


1.17 


0.046 


8.33 


18.36 


236 


520 


1.22 


0.048 


9.09 


20.04 


256 


564 


1.29 


0.051 


10.00 


22.05 


281 


620 


1.40 


0.055 


11.48 


25.31 


311 


686 


1.50 


0.059 


13.51 


29.78 


350 


772 


1.60 


0.063 


15.63 


34.46 


402 


886 


1.70 


0.067 


17.54 


38.67 


450 


992 


1.80 


0.071 


20.00 


44.09 


533 


1,175 


1.88 


0.074 


22.22 


48.99 


590 


1,301 


1.98 


0.078 


24.39 


53.77 


657 


1,448 



30. When high flights with a number of kites are desired, larger 
sizes of wire become necessary, and the usual procedure at aerolog- 
ieal stations of the Weather Bureau is to make up the main line of 
the following sizes: 0.030 in., 500 meters; 0.040 in., 1,500 meters; 
0.044 in., 10,000 meters, or 12,000 meters in all. The proportions 
vary somewhat according to the average wind conditions. In the 
South, for example, more of the smaller sizes can be used than in 
the Xorth. 

31. When winding the wire on the reel, the end of the wire is 
attached to the drum or spliced to the outer end of the wire already 
on the drum, as may be necessary, and the entire coil is then wound 
on the drum, the reel being run by power or by hand, as preferred. 

32. Splicing the wire requires considerable care. As the result 
of extended experience, it has been found that the best method is to 
twist the wires evenly about a common axis for a length of 5 or 6 
feet, then turn the free ends closely around the main line for a length 
of about half an inch. In making a splice it is advisable to soften 
the ends (i. e., where the wire is twisted with the small "twister ") 
and taper them. This reduces the strain at these places when the 
splice goes over the reel. Splicing is accomplished very readily by 
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FiouKE 9. — Method of splicin}^ kite wire l)y means 

of ** lar^e twister " 



means of simple tools, as shown in Figs. 9 and 10. The two wires 
to be spliced are held firmly by means of an ordinary machinist's 
hand vise, having brass jaws to ])revent cutting the wire. This 
hand vise is not shown in the illustrations. The two wires are then 
placed in the shallow converging slots of the larger " twister," Fig. 
9; held in position, but not clamped, by the spring and set screw 
above the part containing the slots; and finally twisted uniformly, 
each about a common axis. The free ends are then wound closely 

around the main wire b^^ 

^^^ — ^ T — ^ means of the smaller 

" twister," shown in Fig. 
10, which scarcely needs 
explanation. 

33. Some difficulty is 
experienced in making 
an even splice of two 
wires of different sizes, and care must be exercised lest the smaller 
wire be the only one twisted. The process i's aided if this smaller 
wire is held at a greater tension than the larger. It has not been 
found necessary or desirable to solder the splices, although that 
practice was followed during the earlier years of kite flying. The 
end of the wire to which the kite is to be fastened is passed through a 
swivel and secured to the main line by splicing in the same manner as 
for ordinary splices, except that a length of about 1^/^ ft. is sufficient. 

34. While the wire is being 
wound on the drum, machine oil'^ 
should be poured over it from time 
to time, in order to prevent it from 
rusting. This should also be done 
occasionally after the wire has 
been used during rainy or snowy 
weather. Vigilance in this respect 
is well repaid in reducing the num- 
ber of breakaways due to defective 
wire. Moreover, it is well to ex- 
amine the splices from time to time 
and to renew^ them, if the main 
wire at the ends of the splices 
shows signs of wear. Such renewal 
can be effected during kite flights, 
but a preferable method is to wind 
the wire from the reel on a small 
drum, make the splice or splices, 
and then rewind on the reel. Fig. 11 shows one way of doing this. 
In winding the wire on the small drum, power is furnished through 
chain and sprockets by an automobile truck. As soon as all splices 
have been examined and, if necessary, renewed, the wire is rewound 
on the drum of the kite reel, power in this case being furnished by 
the motor in the usual way. 

35. During this process it is well to wipe off the old, dirty oil with 
a piece of walste, then pour new oil on the wire as it is being wound 
on the drum. 




o 



Figure 10. — Method of turning end of 
loose wire around main wire by means 
of •' small twister " 
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V. RITE9 AND KITE MAKING 

36. In practical liite flying, as exemplified at tlie aeiological sta- 
tions of the Weather Bureau, the object is to attain as great a height 
as possible, without incuiring serious risk to the kites or line. Obvi- 
ously, the larger the size and number of kites used, the stronger — and 
consequently heavier — must the kite line be. Considerations of the 
effects of wind pressure and ease of handling restrict the diameter 
of steel wire that it is practicable to use for line to certain narrow 
limits of tensile strength. Limitations in the dimensions, etc., of 
the line must, therefore, be met by efficiency in kite performance. 

37. Of the qualities that an efficient kite should possess, lightness, 
stability, and strength are the most important; but lightness must 
to some extent be hiacrificed to realize the ideal practical kite. Of 



riGuiiE 11.— One mi'tliod of reeling wire from the kite reel drum to a smaller drum 

the many types and patterns of kites that have been suggested or 
tried, the Hargrave cellidar kite or some modification of it (in the 
work of the Weather Bureau, the Marvin -Hargrave) remains the 
standard. In addition to its good flying qualitieis, it is perhaps 
better adapted to the tandem method of flying than is any other type 
of kite. 

38. The tandem method of flying and the design of kites and acces- 
sories best adapted to it were naturally developed from experience 
and the knowledge of the atmosphere obtained during early efforts to 
attain high altitudes by means of kites. Apart from practical 
reasons, the frequent stratified condition of the atmosphere as regards 
wind velocity and humidity imposes a limit upon the size of kites 
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that should be used. It is not often that the wind is so uniform or 
increases so uniformly with altitude that a high flight can be safely 
made with one kite large enough to lift the necessary length of line. 
By distributing the kites along the line, suitably to the prevailing 
wind and weatner conditions, the maximum lifting power of a given 
surface can be realized, without at any time exposing the w^hole of 
this surface to sudden changes in pressure of the wind. 

39. Abrupt changes in wind and weather with time or altitude 
usually affect the lifting surface along only a portion of the line, 
the total increase of tension of the line from such causes depending 
largely on the area of lifting surface affected, and the methods for 
preventing an excessive pull embodied in the construction of the 
kites. In the Marvin-Hargrave kite, excessive pull is prevented 
by its method of bridling, described in detail in a later paragraph. 
This feature of its construction is flexible, permitting a relatively 
greater margin of safety with increase in size of the kite. 

40. The ideal conditions under which a high flight could be suc- 
cessfully made with one kite can not be foreseen with enough cer- 
tainty to warrant the necessary equipment of suitable line or large 
kites, even if such equipment were safe or practicable. There is, in 
addition, the fact that the tension indicated at the lower end of a line 
from which a single kite is flying is only one factor of the maximum 
tension on the line. The maximum, tension occurs at the point on the 
line where the kite is attached. This is equal to the weight of the 
vertical projection of the line plus the tension indicated at the reel 
(less the effect of wind pressure on the line). Under actual condi- 
tions, the tension to w^hich the line is subject is a complex of the 
action of gravity, the pressure of the wind on the line, and the 
pull of the kite, and departs more from the indications at the reel, 
the higher and farther away the kite is flying.^ When the weight 
of the line is suspended from a number of kites at considerable inter- 
vals of distance, the difference between the maximum tension on the 
line and that indicated at the reel is practically negligible. 

41. Under the adopted method of tandem flying, the range or 
variety in size of kites that it is advisable to build is established 
by the experience of the kite flier, the mechanical skill of the kite 
builder, and a knowledge of the tensile strength of the different sec- 
tions of the line employed. It is unnecessary to build a kite much 
smaller than one which, under the most severe conditions, will exert 
a pull nearly equaling the tensile strength of the smallest diameter 
of line used. In the other extreme, the size of a kite should not go 
beyond that defined by caution in flying and limit in permissible 
fragility. One or two intermediate sizes in addition give a comple- 
ment of kites that serves all purposes of every-day flying, and admits 
of easy standardization for manufacture. 

1 Mon(ij?raph, " The Mechanics and Equilibriunr of Kites," by Trof, C. F. Marvin, particu- 
larly pp. 64 to 70. (See Monthly Weather Review, April, 1897.) This monograph was 
submitteil in competition for, and was awarded, the Chanute prize offered in 1896 by the 
Boston Aeronautical Society " for the best monograph on the kite, giving a full theory of 
its mechanics and stability, with quantitative computations appended." It was written at 
a time when the nTi^chanics of the cellular kite — the projenitor of the heavier-than-air 
machine — was being closely studied. The student of the equilibrium of kites is referred to 
this monograph in its entirety for a full mathematical treatment of the subject. 
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42. The Marvin-Har grave kites now used are essentially of the 
same type and construction as those devised by Professor Marvin ^ 
and used at 17 stations during the Weather Bureau kite-flying pro- 
*rram of 1898. The only important modifications that have been 
introduced since that date are in the dimensions and in the adoption 
of the elastic bridle, experience having shown that a smaller and 
stronger size of kite is required for high winds, while for light winds 
a greater spread of lifting surface is necessary. 

43. Three sizes of kites are illustrated in Figure 12. They are 
classed as "high- wind" kites (Nos. 1 to 9, inclusive); "moderate- 
wind" or "standard" kites (Nos. 10 to 29, inclusive); and "light- 
wind " kites (Nos. 40 to 49, inclusive). A fourth size (Nos. 30 to 39, 
inclusive), slightly larger than the standard but smaller than the 
'"^ light- wind " kites, and a fifth size (Nos. 50 to 59, inclusive), which 
is the largest of all, are also used. The details of construction for the 
different sizes are precisely the same (except for sizes 50 to 59), the 
only differences being in the dimensions and proportions. As will be 
understood from the description and detail drawings which follow, 
this form of construction has certain advantages and disadvantages. 
One of the chief disadvantages is its frailty. Collision with the 
ground or other object almost invariably causes a bad smash of the 
kite; likewise, when the sails become water-logged the shrinkage of 
the cloth combined with the pressure of the wind is frequently power- 
ful enough to crush the framework of the kite. On the other hand, 
broken sticks are easily and quickly replaced and the kite itself is 
conveniently collapsed for shipment. 

44. The kite consists of two cells joined together by longitudinal 
strips or sticks of straight-grained spruce. The front cell has a mid- 
dle plane, and in this respect it differs from the original Hargrave 
pattern. The details which follow refer to what is known as the 
" standard " kite. This size, modeled after the pattern used in 1898, 
has been found to be suitable for a wide range of wind velocity and 
weather conditions. When properly built it will fly well in winds 
of from 12 to 30 miles an hour (5 to 13 m. p. s.) near the ground, 
and 70 miles an hour (31 m. p. s.) when 2 to 3 miles (3 to 5 km.) 
high. Its extreme dimensions are as follows : 

Length or distance fore and aft , 6' 8^" 

Width or distance between the outside vertical surfaces 6' 4i/^" 

Height or distance from top to bottom of eeU 2' 8l^" 

45. The area of sustaining or lifting surface is 63.8 sq. ft. (5.9 
sq. meters), and of steering or neutral surface 21.7 sq. ft. (2 sq. 
meters). The kite weighs about 9 lbs. (4.1 kg.). 

« — --■■ — ■■,■■■■ -,. — —     I ■< 

2 Concerning the history of the nfeteorological kites now used in the United States, it 
may be of interest to note that in the early days of kite flying at Blue Hill Observatory, 
Massachusetts, H. Helm Clayton made many improvements on the Hargrave box kite of 
1895. The most important modification was the use of longitudinal sticks connecting the 
two cells at their outer corners, thereby greatly increasing the strength and stability of this 
kite. Professor Marvin added the excellent folding feature, which not only makes it easy 
to ship kites, but also allows ready reassemblage with unimpaired strength. 
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46. The -material required in the construction of the standard-slse 
kite includes: 

(a) Forty-three sticks of the following dimensions: 

Number of Btlcka 

' by 7' 6". Center bridle; square edges. 

* by 6' 10". Top center; square edges. 
' by 6' 10", Ijongitiiilinal or comers; square etlges. 
' by 6' G'i". Lateral or sewed; rounded edges. 
' by 2' 7'^". Vertical, corner strut^s; rounded edges. 

* by 2' 1%". iDteruiedlate struts; rounded edges. 
' by 3' 2". Lateral centei's; rounded edges. 

3, %" by la" by 2'. Middle sail longitudinal stic-lo; i-ounded edges. 

The sticks are made of straight -grained spruce. All horizontal 
.sticks should have their edges rounded, so that the end resistance of 
the kites to the wind will be as sm:ill as possible. 



1, 


%" 


 by '^' 


1, 


%" 


 bv W 


4, 


!«," 


 by A' 




%" 


 by A' 


J 2. 


%'■ 


 by -.V 


K 


%•• 


 bv A' 


«. 


%" 


 by -P^' 



F[GURB 13. — Sbawiiie mcttiod at fastening comers of kite sticks aod bridle to kite 

(6) Fourteen yards of Lonsdale cambric' 26 in. wide are used 
for the sails; some coarse waxed linen thread for lashing angles to 
sticks ; 192 ft. of piano wire, 0,024 in. diameter, for guys. 

(c) Forty-eight metal angles of the pattern shown in detail at (b) 
in Figure 13 form the principal joints, 1 to 24, Figure 14 ; 34 metal 
angles of another pattern, shown at (c) in Figure 13, are used for all 
intermediate joints, excepting at b', d', n, p, y, and w, which are 
lashed to the sticks with waxed 4-ply gilling thread. The isometric 
detail. Figure 13(a), shows how these joints are fastened. These 
metal angles are made of brass especially for this purpose, 

'Tbe rear cell and BomellioeB botli ceils arc covered witb a black fabric known to the 
trade Ba  mercerized " ailk or Freneh percallne, '■ batiste." etc. It has tbe propertj of 
shedding water to a much greater eiteot tban cambric. For that reason kites covered 
wItb It are preferred during fo^. Most kltefi are made wltb a white front cell and a black 
rear cell, the contrasting colors being very deairable for visihlllty. 
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47. Figure 15 is an elevation of the front or bridle face of the 
kite — i. e., the lower surface when %ing. The opposite face — ^i. e., 
the upper or rear surface of the kite — is the same except as to the size 
and length of the bridle stick. 

48. Figure 16 shows a sectional elevation showing the central 
or bridle truss, and an elevation of one of the two side trusses. The 
line diagonal lines in Figures 14, 15, and 16 show the system of wire 
bracing necessary to preserve the form and rigidity of the frame- 




i --^"^^6;^ 6-/0" ii-%"x^^'x/'-6" iu-^/sX^/jc6-/0" iv-%'x%"x6''6k" 

^--^^'^^6^^'^^' ^^-^/s^^//6^^-/^^/ yii-^^'^^/e^y-e" ym-'^/s^'^/e^e-o' ^ 

Figure 14. — Iscmetric view of kite frame (standard) 

work. This bracing is all done with piano wire (0.024") secured 
to the metal angles, as shown at (&) in Figure 13 for the vertical 
cross bracing. In the horizontal and long vertical bracing the wire 
is looped over the small bolt head in the metal angles before the 
bolt is tightened up. All metal angles are lashed to the sticks with 
well-waxed linen thread. 

49. After the frame is put together and securely braced, care be- 
ing taken that all angles are true and square, the kite is ready for 
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the sails. These are made from white Lonsdale cambric, 2 ft. 2 in. 
wide and 18 ft. 4 in. long, and are double hemmed one-half inch on 
each edge and each end. A soft cord should be passed through 




Kite Sticks, CI amps &c. 
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4'^/xf6x6'/0\^ 
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s/'/A ^6" \/\^/c/e 



Figure 15. — Front view of kite showing brace wires (standard) 

this hem to lessen the danger of tearing. The sails are stretched 
around the kite frame and lashed to the horizontal and vertical 
sticks with waxed gilling thread. 
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50. A middle sail is placed in the center of the toj^ section, ex- 
tending from m V to q z (see fig. 14). This sail should be exactly 




FiGUBB 16. — Side view of kite showing brace wires (standard) 

2 ft. wide and 6 ft. 4^/^ in. long after being hemmed, as described for 

the main sail, and should be lashed to the sticks in a similar manner. 

51. In the high-wmd kite (Nos. 1 to 9, inclusive) the proportions 

and dimensions of the " standard " size are preserved, except that 
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the width is made 11 in. less, thus reducing the width of the lifting 
surfaces and relatively increasing the area of neutral surface. It 
has a lifting surface of 54.6 sq. ft. (5.1 sq. meters). This kite has 
been successfully flown in an 80-mile per hour (36 m. p. s.) wind at 
an altitude of 1 mile (1,600 meters) above the ground. The dimen- 
sions of the " high-wind " kite are the same as those for the " stand- 
ard " (See Par. 46) , except in width, viz : 

Eight sticks, %" by ^" by 5' VA". Lateral or sewed (rounded edges). 
Six sticks, %" by fg" by 2' Si^". Lateral centers, (rounded edges). 

52. In the light-wind kite (Nos. 40 to 49, inclusive) the change in 
proportions from the " standard " is the reverse of that of the " high- 
wind '' kite — i. e., the width is increased in proportion to the length 
fore and aft. The dimensions are increased over all, giving this kite 
a lifting surface of 93 sq. ft. (8.6 sq. meters) and a weight of lli/^ 
lbs. (5.2 kg.). It will fly in a slightly lighter wind than the " stand- 
ard," but its chief advantage is characteristic of all large kites — ^it 
will lift more line after it has ascended into a current stronger than 
necessary to lift itself. Its ability to fly in a lighter wind is due 
to the fact that it is lighter for the same lifting surface than the 
other kites. The frailty of this kite is partly compensated for by 
the fact that it is used only when surface winds are light to moderate, 
and the chances of the kite's striking the ground consequently small. 
It is not used when wind velocities aloft exceeding 30 miles per hour 
(13 m. p. s.) are expected; for, while it has been found to possess 
fairly good flying qualities in a 50-mile-per-hour (22 m. p. s.) wind 
at an altitude of 2 miles (3,200 meters), smaller kites can be more 
easily handled and more advantageously used in the stronger winds. 
The dimensions of the " light-wind " kites are as follows : 

Number of sticks 

1, %" by ^2" by 8' 2". Center bridle; square edges. 

1, %" by y^" by 7' 5%". Top center; square edges. 

4, %" by %" by 1' 5%". Longitudinal or corner; square edges. 

8, %" by A" by 8' 0". Lateral or sewed; rounded edges. 

12, %" by ^" by 3' 14". Vertical corner struts; rounded edges. 

8, %" by i%" by 3' i^". Intermediate struts; rounded edges. 

6, %" by 1^" by 3' 11%". Lateral centers; rounded edges. 

3, %" by ^" by 2' 4". Middle sail longitudinal; rounded edges. 

53. The dimensions of the intermediate size kite (Nos. 30 to 39, 
inclusive) are the same as those for the " standard " except in width, 
viz: 

8 sticks, %" by 1^" by 1' Vt". Lateral or sewed (rounded edges). 
6 sticks, %" by i6r" by 3' 5%". Lateral centers (rounded edges). 

54. The dimensions of the largest size kite (Nos. 50 to 59, in- 
clusive) are as follows : 

Number of sticks 

1» %" by %" by 9' 3%". Center bridle stick; square edges. 

If %" by ^" by 8' 7". Top center; square edges. 
4, %" by %" by 8' 7". Longitudinal or corners ; square edges. 

8, %" by fs" by 8' 11". Lateral or sewed; rounded edges. 

20, %" by T^" by 3' 4". Vertical struts; rounded edges. 

8, %" by 1^" by 4' 5". Intermediate longitudinals; rounded edges. 

3, %" by ?ff" by 2' 7". Lateral centers; rounded edges. 

6, %" by 1^" by 2' 10". Middle sail longitudinal ; rounded edges. 
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The 50 to 59, inclusive, size kite has a slightly different system 
of wire bracing and a few extra sticits. Tins desif^n is shown in 
Figure 17. Tlie additional bracing adds but little to the total weight 
while the strength is increased considerably. It flies well not only 
in winds which are too light for the other size kites hut also in winds 
of considerable force. 

55. With a given pattern of kite, any increase in size, witliout a 
more than corresponding increase in weight, will be at the sacrifice 
of rigidity of the framework. In the sizes of kites described and 



other sizes and shapes that have been experimented with in the past, 
there is only a small range in the minimum wind velocities in w'nich 
they will rise from the ground. The excess of wind velocity above 
that necessary to fly the unburdened kite will be available to lift a 
weight roughly in proportion to the lifting surface. 

56. The lifting capacity of a Hargrave kite is partly a function 
of its shape. For a given area of horizontal sail surface, the lifting 
capacity can be increased by making it wider relative to its length, 
since, in all kites the pressure of the wind is greatest near the front 
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edge of the sails.^ By increasing the length and depth relative to 
the width, the lifting capacity is lessened, but the stability of the 
kite improved. However, not much latitude is permitted the kite 
builder in either direction, as on the one hand a kite proportionally 
too wide will fly badly in any considerable wind, while a kite too 
long and deep will not have lifting power enough, in relation to the 
pull it is capable of, to justify its use. 

57. A certain sturdiness of framework is necessary in all kites, not 
only to minimize breakage from inevitable collisions with the 
ground, but also to maintain good flying properties in strong wind. 
The wire ties in the Marvin-Hargrave kite serve to hold the frame- 
work symmetrical as a whole, and add little to the weight. A kite so 
braced will not collapse in any wind in whicli it is advisable to fly. 
An exception occurs when the sails become wet, but under such cir- 
cumstances frailty is sometimes an advantage, by preventing a pos- 
sible breakage of the line. However, unless the sticks are given an 
adequate thickness, distortion or deformation. of the frame and sail 
surfaces, and consequent erratic action of the kite, will result during 
strong winds. 

58. The stability of any kite is observed to increase with height 
above the ground, especially the first few hundred meters. For a 
considerable distance above the ground, the ability of a kite to with- 
stand strong wind increases at a rate greater than can be accounted 
for by the diminishing density of. the air. There seems little doubt 
that this can be explained entirely by turbulence, gustiness, eddies 
and convectional currents, the effects of which on the kite are strong- 
est near the ground. 

VI. KITE METEOROGRArH 

59. The Marvin meteorograph used in kite observations is an in- 
genious combination of well-known devices used in recording pres- 
sure, temperature, humidity, and wind velocity. (Fig. 18.) The 
essentials of the instrument are a light, rigid, horizontal tube inclos- 
ing the anemometer, temperature element and hygrometer hairs. 
The pressure element is mounted on the frame beneath the tube. The 
recording pen arms supported from above oscillate through a vertical 
plane. 

60. The instrument is constructed chiefly of aluminum and weighs 
750 grams (1.6 lbs.), exclusive of the aluminum case, which weighs 
250 grams (0.6 lb.), into which the instrument fits. No part, ex- 
cept the inside of the screening tube and the anemometer head, 
is exposed to the weather. The screening tube is insulated from the 
case by two strips of bakelite. 

61. During a flight the meteorograph is tied inside the kite in 
such position that the wind passes freely through the tube contain- 
ing the temperature element and hygrograph hairs. Thus a very 
good exposure is obtained, the ventilation being ample, since the 
wind is always strong enough to support the kite, and the effects 
of insolation are further minimized or eliminated by the shading 
of the instrument by the kite. 

62. Clock, — The clock is of special design with full jeweled anchor 
escapement and rotates the drum once in 6i/^ hours. The recording 

* See footnote 1, p. 14. 
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cylinder, inclosing the clock, is rigidly set within the frame of the 
instrument, but ia easily removed in order to renew the record 
sheet by loosening the thumb nuts on eacli end of tlie axis, the thumb 
nut to the left serving also for winding the clock. 

63. Pressure element.- — The pressure element is of the sylphon type 
and the range of the pen is such that a movement of 50 mm. corre- 
sponds to a height of 5 km, (approximately). Heights to 7 km. 
can be recorded with this range of the ^n. 

64. Temperature element. — Tlie temj>eratin'e element is a curved 
bimetallic strip of duplex metal prepared by {>ermanently welding 



FiaDHK 18. — Marvin kite metporograph 

throughout their entire length two metals having widely different 
coefficients of expansion. The combination of inetals used. Invar 
steel and special brass, gives the greatest amount of deflection per 
degree of temperature change that can be obtained with reliability 
and sensitivity. 

65. Humidity elem^ent. — Tliis consists of a number of human hairs 
mounted longitudinally in the horizontal screening tube. The hairs 
are mounted separately instead of in a bundle, as this makes the 
element respond more quickly to changes in humidity. The hairs 
are connected as directly as possible with the recording pen. thus 
reducing to a minimum the possibility of lost motion or friction in 
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the bearings. Two sets of hairs are used which is equivalent to 
doubling their length, hence the movement of the pen arm is twice 
that of a single length, 

66. Before mounting, all of the hairs are subjected to the same 
conditions of temperature and humidity as well as the same tension 
and are then fastened firmly with shellac. It has been found that 
an element in which the hairs are thus mounted responds very 
quickly to changes in humidity, whereas, when the hairs are arranged 
in a bundle they require an appreciably longer time to change from 
dry to wet conditions and especially from wet to dry. 

67. Wind element. — This consists o£ a small fan set in the wind- 
facing end of the tube. The fan is geared to a cam, which in turn 
actuates the pen arm, thus recording directly the wind velocity in 
miles per hour. The pitch of the fan blades can be easily changed 
to adjust the scale value. 

68. Record sheet. — Form No. 1101 (Fig. 19) is used for this pur- 
pose. Under extreme conditions it should be possible for the pens 
to record outside their ordinary limits. Thus at a height of 6 or 7 



FiCDRE 10.— Record ot klle fllsht made nt Broken Arrow, Okln., on April 3. 1330 

km. tlie pressure pen slionhl record in the liuiiiidity space and the 
temperature pen in the jiressure space. Likewise, humidities above 
GO to 70 per cent shoukl he, recorded in the pressure space. There 
should be no interference of the pens at such times, since the humid- 
ity pen records to the right of the pressure pen at any particular 
ordinate. 

VII. CALIURATION OF METEOROGRAPHS 

69. A meteorograph in regular use should be recalibrated at least 
every three months. However, if it receives a severe jar it should 
be tested oftener. Extra meteorographs held at stations should be 
calibrated at least every six months. 

70. After placing a record sheet on the cylinder the latter is placed 
in the frame and tightened by means of the knurled nut. However, 
this should never be tightened with pHers but always with the fin- 
gers. For convenience in testing these instruments a stand is made 
of two parallel strips of wood with ridges provided for the lower 
part of the frame. This stand holds the instrument in the proper 
position and allows the cylinder to move freely. 
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71. Tlie i)ens arc fiUcil with tho special ink provided and the ad- 
iiiKtiiig mits on tlie jm'Ii arms wi-ewod down until the pens pws 
lightlj' against the paper. TIip jjressnre of the pens is very impor- 
tant and slionld he such that they will just leave the sheet when tbf 
instrument is hehl in an inverted ix)sition. 

72. The pens are made to ink i>roperly by drawing a stiff piece of 
paiM'r between tlic points. A knife or "(hick object should never be 
used for tliis purpose. 

73. Before cahlirating a mctoorgraph it should be carefully ei- 
aniined for defects. There nurst be no lost motion nor binding in the 
linkage system of any of tlie elements, i. e., the pens must return t» 
their original ])osittoii wiien moved. They must record freely and 
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properly throughout their range. Care must be taken to see that 
the pens bear against the record sheet with exactly the same tension 
throughout their entire range. The met«rograph should never be 
lifted by grasping the ventilating tube but should always be held by 
the frame work. In case the instrument does not function satis- 
factorily in all respects the trouble should be remedied. This must 
always be done with the greatest of care and preferably by an experi- 
enced instrument maker. The hairs of the humidity element must 
never be touched with the bare fingers. Any particle of oil or grease 
renders them useless. 

74. Pressure calibration. — The calibration apparatus consists of a 
bell jar, vacuum pump, manometer (U-shaped is used by the Weather 
Bureau) and attached thermometer. 
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^_ 75. The meteorograph is placed on a wooden stand inside the bell 

ifar. The air is then drawn out until the pressure pen, having 

restarted from the top of the pressure space, reaches the second or 

third line of the humidity space (one humidity ordinate is equal to 

two pressure ordinates) as shown at (a) in Figure 20. The ma- 

mometer, at this low point, should indicate a pressure equivalent to a 

^height of 5 km. above sea level (approximately). For example, if 

the sea-level pressure is 1,013 mb., then the pressure at the low point, 

-referred to above, should be between 490 and 510 mb. If this is 

' not found to be the case, the air should be allowed to reenter the jar 

. slowly, i. e., in not less than one minute (never suddenly), the range 

of the pen adjusted, and the same procedure followed until the proper 

range is secured. 

76. The pen must return to its starting place, i. e., to at least 
within one or two tenths of an ordinate (see (b) in Figure 20). The 
range of the pressure pen can be increased by moving the link 
connecting the pen arm inward, i. e., closer to the center of rotation. 
After the proper range has been obtained the pressure is reduced at 
intervals as shown at (c) in Figure 20. The "steps" are increased 
gradually, i. e., the number of ordinates between them, as the lower 
pressures are attained. The air is then allowed to return to the jar 
as indicated at (d). The "steps" on the return (air-in) should be 
made approximately half way between those of the exhaust (air-out). 
This provides better data for plotting when obtaining the mean 
curve. 

77. In order to simulate actual flight conditions better, about one 
hour should be taken to reduce the pressure, as at (c), to the lowest 
point and an equal time to allow the air to return, as at (d), 

IFigure 20. 

78. The instrument must be jarred a short time (about one-half 
minute) before reading the manometer at each "step" so that the 
pen will properly adjust itself. In actual flight the instrument 
receives sufficient vibration so that the pens are constantly adjusted 
under those conditions. 

79. On Form 1121 are entered the manometer readings and other 
data as shown in Figure 21. The manometer should be read at the 
end of each step, i. e., just previous to letting the air in or out of the 
jar. These readings will then correspond with the points indicated 
by arrows. (See fig. 20.) The accumulated ordinates are entered 
on Form 1121. (See fig. 21.) The attached thermometer readings 
should be entered; also the temperature corrections which are ob- 
tained from the Smithsonian Meteorological Tables. Since millibars 
are the pressure units used in aerological observations, it is necessary 
to convert the manometer readings into these units. The scale values 
which are entered in the last column of Form 1121 are obtained by 
dividing the pressure difference in mb. by the corresponding ordinate 
difference. For example, the first scale value entered, viz, 12.41 is 
the quotient of 54.6-^-4.4. The scale value for the maximum ordinate 
is obtained for both the " exhaust " and " intake " and may differ 
slightly. 

80. When calibrating an instrument which has not recently been 
in use the above procedure should be carried out at least three times, 
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allowing at least 24 hours to elapse l)etween each cycle. For mstrii- 
ments in regular use it is usually necessary to make only two cycles,] 
provided good agreement is found between them. 
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Figure 21. — Marvin kite meteorograph pressure calibration data 

81. The scale values are plotted against the ordinates on cross- 
section paper as shown in Figure 22. The plotted points of the 
"exhaust" should be indicated by "O" and those of the "intake" 
by " X ". 
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82. A " mean " curve is then drawn and is based on the mean of 
the values indicated by the individual curves referred to above, taken 
for each 5 ordinates. A table is made up from the mean curve by 
reading the scale value for each ordinate and interpolating for the 
mtervening tenths. (See fig. 23.) 

83. Temperature calibration.— This calibration apparatus consists 
of two well-insulated chambers, one of which can be heated by an 
electric unit and the other cooled by means of an ice and salt solu- 
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Figure 23. — Pressure differences (mb.) per ordinate used in computing kite records 

tion. Lower temperatures are obtained by placing the instrument 
outdoors during the winter season. When outdoors, ample ventila- 
tion must be provided, either by allowing the wind to blow through 
the screening tube or by means of an electric fan. The latter is also 
used to provide circulation of the air inside these chambers. The 
meteorograph and a thermometer can be seen through a window. 

84. Steps of about 15° C. should be made when calibrating the 
temperature element. The temperature factor is usually linear and 
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should be between 0.90 and 1.00, i. e., a change of the temperature 
pen of 1 ordinate should correspond to a temperature change of 
between 0.9° and 1.0° C. The range of the temperature pen is 
increased in the same way as the pressure pen, i. e., by moving 
the link, connecting the pen arm, inward, or closer to the center of 
rotation. 

85. Form 1123 (fig. 24) is used for temperature calibrations and 
is self-explanatory. The mean of the individual factors is used in 
the computation of the records. Reasonable consistency must ob- 
tain in the individual factors, and when this occurs, about 10 values 
suflSce to give a reliable mean, e. g., five steps between 30° C. and 15° 
C, and five between 15° C. and 0° C. In general, the instrument 
should be calibrated for the same range of temperature to be en- 
countered in the free air. This, of course, varies with the seasons 
and location of the station. 

86. It is important to jar the instrument a short time before read- 
ing the thermometer during the calibration so that the pen will be 
properly adjusted. Care must also be taken to see that the temper- 
ature remains stationary when the thermometer is being read. 
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Figure 24. — Form used in tcmporaturo and luimidity calibration 

87. Temperature correction for pressure element. — Since all pres- 
sure elements are not entirely compensated for changes in tempera- 
ture it is necessary to have the ])ressure ])en record when calibrat- 
ing the temperature element. The pressure pen should be set to 
record at about 20 ordinates below the top of the pressure space 
during this calibration. 

88. The intermediate temperatures used for calibrating the tem- 
perature element should be disregarded when determining the tem- 
perature correction for the pressure element and only the extremes 
used. The differences between the temperature extremes are entered 
on Form 1123 (fig. 24) and the corresponding pressure differences 
(ordinates and tenths) are entered in the adjacent column. The 
correction factor is obtained by dividing the temperature difference 
by the corresponding pressure change, i. e., pressure ordinate. This 
correction is usually inverse, i. e., an increase in temperature has the 
effect of an apparent decrease in pressure, and vice versa. 

89. Humidity calibration.— This calibration apparatus consists of 
two copper boxes, capable of being tightly closed. In one, the rela- 
tive humidity is reduced by means of calcium chloride and in the 
other it is increased by means of a large sheet of blotting paper dip- 
ping into a pan of water. An electric fan in each box provides cir- 
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culation. The dry and wet bulb thermometers are observed through 
a window. A small reservoir of water is pushed up through toe 
bottom of the box to wet the muslin of the wet-bulb tnermometer. 

90. The relative humidity can usually be reduced to less than Id 
per cent and increased to 95 per cent or higher, with this apparatus. 
Intermediate values are obtained by means of an adjustable slot in 
the side of the box, which permits a change of the air inside. 

91. The range of the humidity pen should be from per cent al 
the bottom of the sheet to 100 per cent at 4 to 5 humidity ordinate 
(8 to 10 pressure ordinates) above the top of the humidity space 
There will be no interference with the pressure pen at high elec- 
tions because these pen arms are of different lengths. 

92. The meteorograph is usually placed first in the " wet " box and 
then in the "dry" box. The fan should blow the air through tbt 
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screening tube and also against the thermometer bulbs. Tlie hu- 
midity is reduced by "steps" of 10 per cent (approximately) from 
the maximum value in the " wet " box to the minimum value in tht 
"dry" box and then increased in the same way. Care must b« 
taken to maintain a constant relative humidity at each of thea 
" steps " when reading the psychrometer. The instrument shoulc 
always be jarred before each reading so that the pen will be properh 
adjusted. The " wet " bulb should always be sufficiently moistened 

93, The humidities are entered at the corresponding points on tht 
record sheet (meteorogram). The accumulated ordinates (to tenths) 
with reference to the maxinnim humidity, are determined for eacl 
" step." 

94. These data are plotted as indicated in Figure 25. In this cas« 
it will be noted, that the highest relative humidity obtained was 94 
per cent. The ordinates are plotted aeainst the corresponding hu- 
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midities, zero ordinate corresponding to 94 per 
cent. A similar chart is drawn for each test, 
there being usually three made for a new 
element. 

95. Before a humidity scale is made for use 
in computing the records, it is necessary to 
adjust these charts for a relative humidity of 
100 per cent. This is done by extending the 
curve to 100 per cent humidity as shown in 
Figure 25, and noting the ordinate value, i. e., 
above zero ordinate, where the curve intersects 
the 100 per cent line. In the present case this 
is 0.7 ordinate (each division being considered 
as one ordinate). Another curve is then drawn 
by placing zero ordinate equal to 100 per cent 
liuniidity, and by increasing each ordinate by 
0.7. This " mean " curve is based on the several 
individual curves and is determined by plotting 
tilt' mean ordinate values, for each 10 per 
cent of relative humidity, beginning with 95 
per cent. 

9C. Humidity records are computed by means 
of .'icales as shown in Figures 26 and 27. The 
forniei' is called the " standard " scale and the 
latter the "special" scale. The same "stand- 
ard " s<'ale is used with all " special " scales, the 
latler being made for each instrument. 

97. The " standard " scale is made up of equal 
divisions (and tenths) which correspond to ordi- 
nates (and tenths) respectively, as read off the 
meteoro^rams. The divisions are numbered 
consecutively upward and downward from a 
middle " zero," for convenience in determining 
the corresponding relative humidity for positive 
and negative (with reference to the base line) 
ordinates. 

98, The " special " scale is based on the 
" mean " humidity curve referred to above and 
is constructed as follows: Bead the ordinate 
(to tenths) from the "mean" curve at every 5 
per cent interval, beginning at 95 per cent. 
Beginning at the top of the " special " scale, 
mark off with the " standard " scale successive 
intervals of 5 per cent in humidity, equal to 
the corresponding ordinate values. For ex- 
ample, if the ordinate value of the " mean " 
curve at 95 per cent is 0,36, then the interval 
on the "special" scale between 100 per cent 
and 95 per cent is made equal to 0.36 divisions 
of the " standard " scale. The same procedure 
is followed at 5 per cent intervals from 95 per 

. cent to per cent humidity. Each of these 
intervals is then divided into fifths, to indicate 
intermediate humidity values. 
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99. Wind calibration, — This is done by attaching* the meteor- 
ograph to a wind vane so that the wind will always blow through 
the screening tube. This should not be done in very light or very 
strong or gusty winds. The instrument should be exposed for 
several hours and the exact time of " pens down " and " pens up " 
noted. The number of miles of wind recorded by the anemometer 
during the same interval should be ascertained, and from these data- 
the value of one complete cycle of the wind pen is determined. 
(Number of miles divided by number of marks equals value ir 
miles of one mark.) 

100. For convenience the scale used at regular Weather Bureau 
stations for determining wind velocity from Forms 1017 is usee 
for kite records. For this reason it is necessary to multiply th« 
indicated velocity by a factor. This factor is determined fro 
the calibration just described by means of the following formula 

length of record (vim,) X miles of vjind X 0.447 . t, /. . 

— ^, — '—. — 7 ^ — - — 7 1 — - — I — ^ i,i = wmd factor 

time m hours X number of marks X 04 ' 

101. This equation comprises : 
(a) " Length of record," or the length in mm. of the meteon 

ograph wind record during the interval for which the number (b 
miles of wind was taken from the anemometer. 
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Figure 28. — Time scale 

(&) "Miles of wind," or the number of miles indicated by the 
anemometer during the interval referred to above. 

((?) The constant, 0.447, which is the conversion factor from 
miles per hour into meters per second. 

{d) The "time in hours" (and tenths), or the interval during 
which the number of miles of wind referred to above was made. 

(^) " Number of marks," or the number of complete cycles of 
the wind pen made during the time interval referred to above. 

(/) The constant, 64 or the length in mm. of one hour space on 
Form 1017, for which the wind scale is adapted. 

102. Experience has shown that the most suitable wind factors 
are 0.45 to 0.50 for the northern stations ar/i 0.40 to 0.45 for the 
southern stations. 

103. The factor of a wind element can be altered by changing the 
pitch of the fan blades. 

104. Tim£, rate, — The time rate used on meteorograph clocks is 
approximately 46 mm. per hour, i. e., one revolution in 6^^ hours. 
The rates for individual clocks vary slightly, however, and it is 
therefore necessary to determine the rate for each clock. This is 
done by allowing it to run for several hours and dividing the 
length of record (mm.) by the number of hours (and tenths). 
From the mean of several such tests a time scale is constructed for 
use in the computation of the records. (Fig. 28.) 
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VIII. MAKING THE FLIGHTS 

105. For the purpose of forecasting it is desirable to have the 
kite flights of the various stations made as nearly simultaneous as 
possible. As a rule conditions for obtaining a good kite flight 
are best shortly after sunrise. If the flight is started more than one 
hour after sunrise, the wind in the lower levels often becomes too 
light to sustain the kites. 

106. In view of the importance and value of securing data to the 
highest elevations possible, every effort should be made to attain the 
greatest possible altitude without undue risk of a breakaway. 

107. In order to make successful kite flights, it is important that 
the apparatus used in the work be maintained in first-class condition, 
and that all preparations be made before the flights are started. 
All the men engaged in the work should become familiar with the 
handling of the kites, kite wire, tying of various knots, and, in fact, 
every phase of the work. The men should become familiar with 
the different sizes of kites used and the weather conditions in which 
the various sizes fly best. The behavior of the various kites should 
be noted from time to time, for it frequently happens that there are 
considerable differences in the flying qualities of kites that appear to 
be similar in every other respect. 

108. The kite that carries the meteorograph is known as the lead 
or the head kite ; the others as secondary kites. It is best to use for 
lead kites only those that have been previously tried and found to 
be satisfactory. Of those used as secondary kites, the ones that fly 
best should be used nearest to the lead kite. 

109. Ordinarily, three men are necessary to make a kite flight, but 
when conditions are favorable, and three men are not available, it 
has been found that two can do the work satisfactorily; this is espe- 
cially true when flights are being made during the night. When 
three men are available, one man operates the reel, another keeps the 
meteorological record and all notes of the flight, and the third 
launches and lands the kites, keeps the reel house clean and in 
order, and assists in other work. If but two men are available, 
one man operates the reel, and the other keeps the meteorological 
record. The other work is divided between them as best suited to 
the occasion. 

110. Carrying the kites, — ^When a kite is brought out of the storage 
room into the open, care should be taken to handle it properly. The 
man handling the kite should consider the wind velocity and direc- 
tion. If the wind is light, the kite can usually be handled best by 
taking a position inside, between the cells, and grasping the bridle 
stick near the front cell with the right hand and one oi the corner 
sticks with the left hand. If the wind is higher than 6 or 7 m. p. s., 
the kite can be handled best by taking a position in front of the kite 
as it lies flat on the ground and grasping the front end of the bridle 
stick with the right hand and the front end of the upper rib with 
the left hand. The rear or black cell of the kite is then free to 
swing around, and care should be taken that it is not damaged by 
a sudden puff of wind blowing this end of the kite against some 
obstruction. However, a kite held in this manner with its front 
end toward the wind can usually be handled without difficulty. 
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111. A kite sliould always be held so that the wind will pass 
through it, and in no case shouhl it be held by any other portion 
than at, or very near, the junctions of the sticKs. When a kite in 
the open is not needed immediately, it should be placed flat on the 
ground, in such a manner that the wind can pass freely through it, 
and held down by weights placed within the cells. 

112. Care of nieteorograph. — The meteorological observer should 
examine the meteorograph and see that it is in working order before 
each flight. He should wind the clock, clean and ink the pens, and 
see that they mark properly. Never draw anything between the 
pen points except a piece of stiff paper. The shorter pen arms, 
having less flexibility and describing arcs of smaller radii, should be 
given slightly more tension than the longer pen arms, in order to 
allow for the curved surface of the record sheet on the cylinder. 
Care should be taken that the movements of the pen arms are not 
obstructed, and that the anemometer is working properly. 

113. The meteorograph sheet should be trimmed along the top 
line and enough cut from its lower edge to allow it to fit snugly 
between the flanges of the clock cylinder. The sheet should be 
placed carefully on the cylinder so that the lines meet exactly. In 
clamping the cylinder in its place the thumbscrew on the right side 
should be made sufficiently tight; otherwise the cylinder is likely to 
fall out of place during the flight and the record lost. The meteoro- 
graph should be put into its case by grasping the framework between 
the clock cylinder and the ventilating tube with the left hand and 
lowering the meteorograph carefully into the case, the case being 
held in the right hand. The cover of the case should be put on and 
fastened securely. The meteorograph should then be put into the 
shelter. Before and after each flight, base-line values should be 
obtained, the instrument being allowed to record until the pressure, 
temperature, and humidity pens trace straight lines; for this, an 
interval of from 5 to 12 minutes is usually required, during which 
two or three readings of the psychrometer should be made. A 
reading of the station barometer should be made while the meteoro- 
graph is in the shelter both before and after each kite flight. The 
exact time of putting the pens down should be recorded as the first 
note of the flight. A complete observation of the surface meteoro- 
logical conditions should be made at this time and recorded. This 
observation should include the temperature of the wet and dry bulb 
thermometers, the direction of the wind, and the amount, kind, and 
direction of clouds. If more than one kind of cloud is observed, the 
highest should be entered first. 

114. The meteorograph should be tied to the upper rib of the kite 
a little forward of the center, and it should be braced by four pieces 
of twine running from the junctions of the sticks at the four corners 
below. (See fig. 29.) Before releasing the kite the observer should 
see that the pens are recording and that the clock is running. AJl 
of the work done by the meteorological observer, in the way of pre- 
paring the meteorograph for the flight and recording the meteoro- 
logical conditions prevailing at the time of the flight, should be 
checked by the man operating the reel. Both men should satisfy 
themselves that the meteorograph is working satisfactorily b<^iore 
the kite is released. 
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115. The bridle and the method of attaching the kite to the 
wire are shown in the isometric detail at (a) in Fi«:ure 13. A strong > i.^ 
cord about 18 in. long is fastened to the bridle stick at point 11, and > i j 
to this is attached a cloth-bound elastic bridle, formed as shown. 
To the outer end of this bridle is attached another strong cord in the 
form of a double loop about 18 in. long, having at its end a strong 
brass ring. This cord extends as shown and is fastened to the ex- 
treme front end of the bridle stick. From this point a wire extends 
back and is fastened at point 14, as seen in Figure 16. 

lie. The elastic cord used in making bridles is known as shock ab 
sorber cord No. 1G4. It consists of thin strips of rubber about one- 
quarter of an inch wide tightly bound in a cloth cover, in the form 
of a small braided rope about i/^ inch in diameter. On account of the 
elasticity of the rubber this arrangement protects the kite and wire 
from injury by sudden gusts or strong winds by allowing the kite 
to fly at a smaller angle of incidence, thus diminishing the pull. 

117. The head hite^ which carries the meteorograph, is fastened 
directly to the line by means of a brass ring in the outer end of its 
bridle. The secondary kites are flown by means of cords about 125 
ft. long. These cords are attached to the main line in the following 
manner : A piece of No. 9 soft iron wire about 6 ft. long is bent so 
that a small loop about an inch in diameter is formed near one end. 
About an inch of the wire at each end is then bent at right angles, 

thusri o 1. This piece of iron wire is twisted tightly 

about the main line, and the cord holding the secondary kite is tied 
into the loop. 

118. Launching the kites. — In taking the kite out for launching, 
care should be exercised that the wire is not allowed to become slack. 
The kite should be held by the bridle stick at the rear edge of the 
front cell with the right hand, and at the lower corner stick with the 
left hand, as in Figure 30. The man holding the kite should walk 
out with it held up an at an angle of about 45° with the horizon, 
keeping a good tension on the w4re between himself and the reel all 
of the time. When the head kite is to be launched in a moderate 
wind, it should be taken about 60 meters to the leew^ard of the reel 
house and released, if possible, while the wind is fairly steady; in 
a light wind it should be taken out 100 meters or more and pulled up 
into the air by reeling in; if the wind is strong, the kite should be 
released while walking away from the reel and should be allowed 
to go out rapidly, in order to prevent its diving to the ground, or 
jerking so as to injure the record. 

119. Readings called for on the data sheet should be made at the 
times of launching and landing of kites, when kites enter or leave 
clouds, and whenever there is a decided change in weather conditions. 
Wind directions should be given to 16 points. The exact times at 
w^hich readings of the theodolite are made should be noted, as these 
are used in checking the altitudes determined from the meteorgrapli 
record. It is not so essential to get other readings precisely at the 
times noted, e. g., when a secondary kite is launched or landed, the 
time entered should be the time at which the angle is read, the exact 
time of the launching or landing being relatively unimportant. 
While reeling in the first one or two thousand meters of wire, several 
observations of angle of the head kite and the amount of wire out, 
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with the usual other readings, except that of the voltmeter, should 
be made in order to have a record of surface conditions at the time 
the meteorgraph is at its greatest altitude. When the head kite is 
within 1,000 meters of the reel, the speed of reeling in should be 
reduced in order that a good record of inversions and other condi- 
tions near the surface may be obtained. 

120. Notes should be kept of changes in the kind, amount, direc- 
tion, and altitude of the clouds. Whenever a kite, either the head 
or a secondary, enters or leaves a cloud layer, its angular altitude 
iind length of wire out should be noted, as changes in cloud altitude 



PracRD 30. — ProiieF method of hnldlnc a fcite Drenarntorr to 
luiincliliig it 

with time are important. However, when (he cloud layer does not 
appear to change much in altitude or structure, only occasional notes 
of the entry of secondary kites into the cloud base are necessary. 
Enter notes on all miscellaneous phenomena, such as times of begin- 
ning and ending of precipitation, fog, solar and lunar halos, rainbows, 
thunderstorms, etc. In making notes on the surface record, and in 
stamping and trimming meteorograph sheets, it is desirable that 
the work be done in a uniform manner; that is, when several people 
are doing this work, they should all do it in the same way. 

121. When a secondary kite is to be launched, it is taken out about 
50 to 150 meters, depending on the strength of the wind. If the 
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wind velocity is liigb, the kite should be let out rapidly after launch- 
ing, at the same time watching for a chance to get it above the main 
line. The kites should be let out at such speed that they maintain 
fairly good angles, but if a kite catches on the main line, it should be 
let out as rapidly as possible ; if it fails to release, it should be reeled 
in, as many a flight is ruined by a kite caught on the wire. If a kite 
falls on the wire from above, the " reel " man should stop reeling 
out and, if necessary, reel in a short distance, in order to allow the 
wind to lift it. 

122. Landing the kites, — ^When a secondary kite is landed, it cai> 
usually be brought close to the reel, but in a gusty wind it is best t<^ 
stop 30 or 40 meters out in order that the wire may respond to th-^ 
unsteadiness of the wind. The head kite should be landed about 4:^ 
to 80 meters out. While it is being run down, the reel man shoul^3 
have the handle on the axle of the reel drum, in order to let out o:^ 
])ull in quickly, according to sudden changes in the surface wincL - 
The head kite should be handled as carefully as possible, as accident^^ 
to the head kite nearly always damage the record of the flight. It i^^ 
generally advisable when landing a kite in a strong wind to pay ou 
line to the kite at the same time the kite is being pulled down. 
the other hand, when landing a kite in a very light wind, it is best t 
walk away from the kite as though to fly it, while pulling it down, as- 
otherwise the more act of pulling the kite down is liable to cause it to 
fly almost overhead, and then suddenly " volplane " down to the 
ground. 

123. In the case of breakaways, or the kites falling, or any other 
accident, complete notes should be made at the time on the surface 
record sheet. If the kite breaks away the time should be noted and 
a complete meteorological observation made. The observer should 
watch the kite through the theodolite * as long as possible and record 
the angles of elevation and azimuth and the time at which the kite 
disappeared. Every man on the station should be notified imme- 
diately and all possible effort should be made to prevent persons and 
vehicles from running into the wire while it is lying on the ground. 
The wire should be gathered up as soon as possible. 

124. Kite wire. — As safe kite flying is so largely dependent on the 
condition of the steel piano wire used, the utmost vigilance should be 
observed to prevent damage to it and detect any evidence of weakness 
throughout its length. When it is necessary to put new wire on the 
reel or to make splices, it is important that this be done with the 
utmost care. The wire should never be held by anything but a brass 
or copper jawed vise. The ordinary steel pliers have rough jaws 
that make indentations in the wire and weaken it considerably, and 
should never be used to grasp the wire. 

125. Too much emphasis can not be laid on the importance of 
always keeping the wire taut. After being repeatedly wound on and 
unwound from the reel drum and over pulleys, and particularly if 
the wire has been run under tension over wheels of too small diam- 
eter, or has rubbed against some solid object, such as the side of the 
reel house, a fence post, or tree, internal stresses are developed that 

* The theodolite used in kite work is of the same design and construction as that used 
for observing pilot balloons. It is described in detail in Instructions for Making Pilol 
Balloon Observations, Weather Bureau Circular O, Section II. 



INSTRUCTIONS FOR MAKING AEROLOGICAL OBSERVATIONS 41 

"Will cause the wire to coil as soon as it is slackened. If, on again 
tightening, a single coil becomes a kink the wire will break. The 
tendency to coil varies inversely as the diameter of the wire, and it is 
therefore advisable to feel out the smaller sizes of wire frequently 
"when reeling in or out. 

126. Opportunities for the wire to slacken sufficiently to coil are 
always present when flying in light winds, and when, under such 
conditions, it becomes necessary to reel in rapidly to assist in raising 
t/ie kites, the reel should always be slowed down gradually before 
coming to a stop, if conditions permit. Rapid reeling out in a light 
vind, especially when pronounced convection currents are present, 
t^ill often cause coiling and probably kinking of the wire. With a 
T^ind barely strong enough to sustain the kites in the air and convec- 
-on currents prevailing, a wavelike effect is often observed, the kites 
ising and falling in succession. Then, if wire is paid out rapidly 
3 the rising kite, the wire between it and the falling kite immediately 
OL advance will slacken and probably coil. 

127. Another common source of damage to the wire is faulty 
irrapping of the heavy branch wire used to attach secondary kites. 
Tnder the direction of an experienced man a novice should learn how 
o attach this wire without leaving permanent sharp bends in the 
>iano wire. Occasionally this branch wire should be shifted a few 
iieters ^ from its usual position on the line. When, after landing 
X secondary kite, it is found that tlie cord is wrapi)ed around the 
main line, care should be taken not to pull the cord too hard in the 
attempt to unwrap it, as this causes an injurious twisting strain on 
the wire. In an emergency it is better to cut the cord than to try 
to unwrap it hurriedly. 

128. The wire should be kept clean and slightly oiled. Incrusta- 
tions of ice or rime should be wiped off when reeling in, and the wire 
^gain wiped with a piece of oiled waste when reeling out in the next 
flight. This wiping of the wire should be frequent; it not only 
serves to prevent rusting, but also, prevents kinks from passing by 
unnoticed. Few breakaways are caused by the pull exceeding the 
^^rmal tensile strength of clean undamaged wire. Kinks, sharp 
^^Hds, rust spots, or flaws in the splices cause the majority of 
"■^cidents. 

n.29. Ohservation and experience, — After having acquired training 
[^ ^the practical details of kite flying, the beginner should supplement 
^3s knowledge as soon as possible by close observation of weather 
Auditions during kite flying, and a study of upper-air records. 
^ 130. It should be the aim of the kite flying force to obtain the 
"^ghest possible flights consistent with safety under various weather 
^^:nditions, to preserve the continuity of daily flights for as long 
^^riods as wind and weather permit, and to reduce breakaways and 
tier accidents to a minimum. All the competency of the force 
^^rived from experience and study will be needed to bring about 
^ese results. 

^Ordinarily, the secondary kites are attached at more or less regular intervals from the 
^^d kite — e. g., 500, 1,200, 2,000 meters, etc. Thus, there is a possihility of weakening 
^^ kite wire by repeated wrappings of the ** splice " or galvanized-iron wire at the same 
*^ce. 



42 INSTRUCTIONS FOR MAKING AEROLOGICAL OBSERVATIONS 

131. Because of ever-changing weather conditions with which tha 
kite flyer has to contend, it is evident that, except in a general waf , 
no set of rules can take the place of experience. Much of what fol- 
lows has a general application, and while many of the situations 
relating to w^eather conditions and kite flying should be taken witli 
the reservation that they apply more strictly to the Middle West, 
it is felt that a discussion of them will serve the useful purpose of 
guiding the interested beginner into the proper channels of observa- 
tion and study. On the whole, the experiences met with in kite 
flying in different portions of the country are undoubtedly similar 
enough in many respects to justify some general rules or suggestions. 

132. To the interested observer, a day-to-day comparison of the 
upper-air records with the weather map offers an unlimited field for 
study. As ordinarily the aerological stations do not have available 
current weather maps, it is desirable that the observers make a study 
of local weather conditions, chiefly the record from the barograph, 
the observations of clouds, the kite records, and the weather maps 
that are received, and correlate these with the view of ultimately 
being able to anticipate to some extent upper-air conditions from 
local indications alone. For example, it is well to follow the prog- 
ress of the barograph from day to day, and thus try to grasp the 
sequence of highs and lows, and their approximate relation to the 
station. The early morning pilot balloon observation is of great 
value in connection with kite flying, in that it gives an accurate 
measurement of wind conditions at various altitudes and thus assists 
materially in determining the number and sizes of kites to be used 
Obviously such observations are limited by the height of the lowest 
cloud layer, but nevertheless they give valuable information as t< 
the wind speed at any height below that level. 

133. Accuracy of record and good judgment in observation ar< 
essential to a logical interpretation of the kite records. Opportuni 
ties for observations leading to important deductions in meteorology 
occur frequently in kite flying, apart from those that make a par 
of the routine record. Initiative and alertness in work and observa 
tion are therefore valuable assets in the field. 

134. Discrimination should be used in those instances in kite flying 
that permit latitude of opinion. An example is the case of deter 
mining the direction of the wind aloft. This should be ascertainec 
not only by observing the apparent direction of the head kite fron 
the observer and from the other kites, but also by the position of th< 
kite in the theodolite (assuming that the head kite flies straight^ 
and by whatever horizontal movement it may have. The observe] 
should familiarize himself with the appearance of the kite in th( 
theodolite at close range, in order that he may, when necessary, asso 
ciate an angular appearance of the kite in the theodolite with direc 
tion of the wind in which it is flying. When the kites make a larg< 
" swing " during flights, a careful comparison of the apparent direc 
tions aloft recorded when reeling out with the apparent direction: 
at corresponding altitudes when reeling in. will, to a large extent 
eliminate the possibility of error. As it is oiten difficult to determim 
actual directions of the wind aloft at night and when the kites ar( 
obscured by clouds, experience should be directed toward observing 
the relation between the azimuth of the wire as it leaves the reel anc 
the direction aloft. 
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135. When to reel in. — ^The observer should memorize the values 
of the sines of angles commonly recorded with the theodolite, thereby 
enabling him to compute approximate altitudes quickly when neces- 
sary, and to keep constantly in mind the rehition between the altitude 
of the head kite and the amount of wire out. So long as the head 
kite maintains a fairly steep angular altitude (say BO'" or more) it 
may be assumed that the pull is at its maximum and that, barring 
a change in the weather conditions, reeling in will not throw the 
kites much higher nor materially increase the pull. Such a flight 
may be considered a normal one, and the number of kites to use and 
the distance to reel out will be clearly indicated by the dynamometer. 

136. Ordinarily, the final reeling in should commence when the 
stationary pull shows indications of passing 200 lbs. Also, more 
kites should not be launched after the dynamometer reads between 
about 160 and 200 lbs., this also dei)en(ling on the number of kites 
already flying. A little computation will generally settle this ])oint. 
For example, when the ])ull of two kites is 150 lbs., another kite is 
likely to increase the pull to 225 lbs; while a ])ull of 175 lbs., with 
seven kites, will probably not be increased to more than 200 lbs. by 
the addition of another kite. The same reasoning should be used 
when estimating the probable result of reeling in, or of an increase 
in wind. Given a certain pull, it is obvious that reeling in or an 
increase in wind will augment that ])ull in ])r()p()rti()n to the mimber 
of kites used. The tensile strength of the different sizes of wire used 
should be kept in mind (see Section IV, paragraph 29), and pre- 
cautions taken to avoid, as far as ])ossible, taxing any of the wire 
to more than two-thirds its normal ca])acity. 

137. Numher of kites to use. — Decision in the matter of number 
of kites to use should also be influenced by the possibility of the kites 
ascending into a decidedly stronger wind aloft with further reeling 
out. The winds normally increase with altitude, but occasionally 
this rise in velocity is much more ra])id or abrupt than usual. Indi- 
cations of an abnormal increase in velocity with altitude will usually 
be apparent to the careful observer by the action of the dynamometer, 
the movement of whatever clouds may be ])resent, the results of the 
preceding pilot balloon observation, and especially by the tendency 
?f the head kite to maintain or even increase its angle when reel- 
ing out. 

138. As long as the kites maintain a good angular altitude, there 

should ordinarily be but little difficulty in making an excellent flight 

Without subjecting the wire to excessive pull. If, however, there is 

^lich wire out with many kites and the angle is low, success and 

®^fety will necessitate a rather tedious program of work. Under 

^^ch circumstances, reeling in might raise all or most of the kites 

^^ Such higher altitudes and stronger winds as to increase the pull 

^^ the danger point. It will then be advisable to sound the strength 

?£ the upper winds by occasionally reeling in a few hundred meters 

l^f ore putting on additional kites, meanwhile watching the head kite 

^*^t*ough the theodolite. If the trial reeling in is not successful in 

P!^*manently raising the kites, a note should be made, mental or 

^^Ixerwise, of the depth of the light wind. Eventually decision 

^*^Ould be made whether to reel in all the kites and rearrange them 

^^th a view to greater lifting surface by using more or larger kites, 
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or to continue the flight with the expectation of finally lifting them 
into sufficiently strong winds aloft. 

139. After an altitude of between 2,500 and 3,000 meters has been 
sounded without indications of strong wind it is probable that no 
wind of dangerous strength will be encountered to an indefinite 
height. When an altitude of about 3,000 meters has been reacheil, 
with only a moderate pull and a good angle, experience has shown 
that still higher altitudes may generally be obtained by adding more 
kites and reeling out farther, without materially increasing the pull. 
This may be explained by the tendency of light wind to extend to 
high altitudes, and the fact that actual increase of velocity with 
elevation is to some extent offset by the diminishing air density. 

140. The circumstance of kites flying at a low angle is often asso- 
ciated with a stratified condition of the air, manifested by a brisk 
shallow wind, on top of which the kites seem to float as though 
on a liquid surface, apparently in a calm and all flying at about the 
same altitude. This condition ma}^ be met with in winds from any 
direction; and except in easterly winds (for reasons explained later), 
requires the exercise of caution lest too many kites be launched and 
exposed to the danger of a rise into winds too strong for the wire. 
The danger is to some extent proportional to the proximity of the 
lower winds to a westerly directi(m, bein^jj at a minimum in easterly 
winds, and at a maximum in winds between northwest and south- 
west. When kites rise above such a calm stratum they will as a 
rule enter a wind from some westerly direction, and cause a pull at 
the reel that will be partially a resultant of the direction and amount 
of the pulls of the individual kites. 

141. Kites floating above a shallow wind, other than easterly, 
can generally be reeled up into higher winds aloft after four or 
five kites have been launched on a few thousand meters of wire. 
With easterly winds, however, the change in direction is often so 
abrupt, and of such angular magnitude in comparatively short inter- 
vals of altitude, that repeated reeling in will be useless. In such a 
case the final ascent of the leading kites into stronger upper winds 
can often be accomplished by exercising patience. With easterly 
winds near the ground and westerly winds aloft, it has been observed 
that the kites will more often show a tendency to shift to the right 
than to the left as they rise above the lower strata. This shifting is 
generally slow and will not result in raising the kites until the upper 
portion of the wire is approximately in line with the drift of th<^ 
upper winds. The total change in azimuth from the surface win^ 
to the direction of the highest kite may be as much as 200°. 

142. A stratification of the aii", causing the kites to apparently 
'' float," is quite common, and is due most often to abrupt, thougl 
not necessarily large, changes in wind direction with altitude. Some 
times a stratum of comparatively calm air intervenes between tw^ 
winds having nearly the same direction, in which case it is probable 
that the stratification is related to abrupt changes in temperature 
and humidity. 

143. Veering of winds with altitude averages greater than backing 
both in frequency and angle, and is characteristic of approaching 
LOWS and retreating highs. Backing of wunds, associated with re 
treating lows and approaching highs, is usually more gradual, anc 
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ixi the case of retreating liOws, is sometimes preceded by veering in 
-fclie lower levels. The amount of shifting in wind direction with 
altitude has an important bearing on the number and size of kites 
t^bat can safely or advantageously be used. The accuracy witli 
^which this distribution of the winds can be forseen will dei)end 
largely on the accuracy with which observations of cloud direction 
and velocity are made. 

144. Easterly winds as a rule should occasicm no anxiety to the 
observer from the standpoint of excessive j)ull, unless complicated 
by heavy rapidly moving clouds. This assurance of generally safe 
conditions in easterly winds may not. liowever, applv to other than 
interior sections of the country. In the Mi<l(lle Uest it has been 
found that deep east winds are nearly always light to some unknown 
limit, and that when strong easterly winds occur, they either diminish 
with altitude or are rather unifonnly strong with altitude. In the 
latter case, the number of kites to use is easily aj^parent. The condi- 
tion of liffht easterlv winds surmounted 1)V stronjr easterlv winds 
is probably rare. While in tiie case of kites ^winging from lower 
easterly winds to upper westerlies a strong current from the latter 
direction mav be encountered, it i^ likelv that the iiull will not l)e 
excessive, owing to the more or less opposing pull of the kites. 

145. Weather types, — A few flights will convince* the observer to 
\ what extent success in kite flying is measured }»y al^ility to anticipate 
j conditions. Considerations of pressure rank first in making deduc- 
tions of probable upper-air conditions and should be judged some- 
; what as follows: The state of the barometer, whether rising, falling, 
■. ' or stationarv, and whether above or below normal: the duration and 
magnitude of the rise or fall; and the probable* geographic distribu- 
. • tion of the pressure. 

;; 146. Changes in the surface wind are inrlin«»d to be synchronous 
with changes in pressure and the velocities thcinx'lvfs proportional 
to the pressure gradient. This relation between the -iirfare pressure 
and wind is not so simple when ajiplied to velocities alr^ft. It will 
often be found that surface winds alone fail as an index to the 
probable velocities aloft and that they >houhl be* considered in con- 
nection with the previous few honr>' pre->nic record. It will often 
be necessarv to wait until the fir>t kite }ia> a>cended a few hundred 
nieters before coming to a final deci>ion a> to what conditions to 
expect. 

147. A pronounced condition that ha> been repeatedly found in the 
Middle West, and that probably rxcurs in sr>nie modified form over 
the greater portion of the country, is that which accompanies a 
i^Hod of rismg pressure when the pressure is already hitrh. During 
tii^^ period of rising pre>sure strong winds, often increasing with 
^^titude, will usually Ik? found, while the least indication of flattening 
^4^ of the barograph trace seems to be followed by diminishing 
^*^ds — ^near the ground first, and j>rogressively later at higher alti- 
^^cles. The height to which the strong winds extend varies according 
^j^the structure of the high and the intensity of the preceding ltav. 
jJl^Wle, without the aid of current weather maps, it will not ordinarily 
"^ possible to estimate the intensity of the pressure gradients sur- 
rounding the station, a knowledge «>t these f acts.^ together with what- 
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ever telegraphic information is available, will be helpful. If a fligh 
has been started while the pressure is rising steadily, and the pul 
soon reaches the limit of safetv, it will sometimes be found advan 
tageous to apply the brake and wait, an hour or more if necessary, 
until the expected stable pressure, with its attendant abatement of 
winds, makes further reeling out possible. The higher the pressure 
the more likelihood there is that it will soon reach its crest. Periods 
of rising pressure are often accompanied by stormy weather, more 
especially while the pressure remains low. The barograph and wind- 
register record should then be watched, as well as the weather, in 
order that the most opportune time for starting a flight may not pass 
by. Under these conditions the pressure will sometimes stop rising 
simultaneously with, or soon after, the ending of precipitation and 
the wind become too light to launch a kite. 

148. After the pressure becomes high and stationary, the winds 
will be light to moderate to considerable altitude, their average 
strength depending on a number of factors, chiefly the area and 
magnitude of the high and the position of its crest, and the intensity 
and distance of the surrounding lows. The surface wind may then 
be too light to launch a kite until the pressure has begun to fall. 
Occasionally, though, a temporary interruption of the stationary 
pressure may strengthen the surface wind suflSciently to start a 
flight — a circumstance the observer should be on the alert to take 
advantage of. 

149. If a flight has been started after a more or less continuous 
fall in pressure has set in, increasing winds may be expected during 
the progress of the flight. The velocity to which the winds will 
rise in any given time will depend not only on the rate of fall in 
pressure, but also on the pressure itself. It will generally be found 
that the greater the magnitude of the retreating high the longer 
will the maximum intensity of the approaching low be delayed. 
On the other hand, a slowly moving high, even though it be compara- 
tively flat, appears effectively to delay the advance circulation of a 
following Low\ Shallow winds, above which it is difficult to raise 
the kites unless much lifting surface is used, are common in the 
rear of highs. 

150. If the pressure is low and stationary, the surface winds may 
be light, and under such circumstances one should resist the tempta- 
tion to use large and many kites until the preceding fall in pressure 
has been ascertained. If the fall has been very slow and no verj 
low level reached, this, together with the light surface winds, ma; 
be construed as indicating comparatively light winds to a fairl, 
good height. If the pressure is quite low and the preceding fall ha 
been rapid, a more or less sudden rise in velocity may be lookc 
for at some not very great altitude ; or may accompany a sudden shi^ 
in direction. 

151. If a flight is made during a period of rapidly falling pre: 
sure, and the pressure is below normal, the winds will very likeJ 
be strong practically from the ground up; in this case, if a fligl 
is possible, it will naturally be limited to few kites. Ordinaril; 
strong winds do not preclude the possibility of a flight unless the 
attain gale force near the ground. Where the strength of the win 
limits the number of kites to three or less, flights to nearly 3,00 
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laeters above the ground may be obtained by rai)id reeling out and 

vitbiout risk of materially increasing the pull on the reel-in since, 

as explained elsewhere, the Marvin-Hargrave kite is self-adjusting 

to strong winds. In such a case care should be taken not to reel out 

more wire than the kite can hold above the ground, bearing in mind 

tliat the wire will drop to a lower angular altitude as soon as reeling 

in commences. 

152. When the barometer is low and rising, the winds are likely 
to be more uniform in direction and velocity with altitude, and less 
given to abrupt changes, than when the pressure is low and falling. 
Much the same precautions should be observcMl in either ])hase of low 
pressure, although in the case of rising i)ressure there is smaller 
probability of the pull increasing after the highest j)ossible altitude 
has been attained. On the whole, it may be said that falling ])ressure 
presents more difficulties than rising j)ressure. Low ])ressure, owing 
to the complexities of cyclonic circulation, lias more elements of 
danger than high pressure. 

153. While the different conditicms of pressure met witli from day 
today are, of course infinite in number, their relation to the ])robable 
velocities may be summed up as depending on the barometric tend- 
ency, and the position of the centers of high and low pressure areas. 
The latter qualifying circumstance is the most diflicnlt to make de- 
duction's from, in the absence of current weather niai)s. and all avail- 
able sources of information should thei-efore be studied carefully to 
determine the probable direction from the station of a near-by center 
of low pressure. When the direction of movement of a low coincides 
with the direction of the gradient winds, there is evidence that winds 
at the various altitudes average strongest, other things being ecjual, 
and that when such a condition is inii)en(ling the rise in velocities 
will be most rapid. The trend of the isobars can he estimated close- 
ly from the surface winds, the barograph trace, and the aspect of the 
first kite launched after it is a few hundred meters high. 

154. In estimating the probable direction of the centers of high 
and low pressure from the station at the beginning of a flight, in 
the absence of other information, the observer should supi)lement his 
knowledge of the general laws of surface circulation with observa- 
tions of the wind direction a few hundred metei's above the ground. 
Unless surface winds are quite strong and have blown from a certain 
direction for some time they do not give conclusive evidence of the 
direction of the pressure gradient, owing to the susceptibility of light 
winds to local topography and diurnal change in temperature. 
Judgment will therefore have to be deferred until the behavior of the 
first kite launched has been observed. 

.155. With a little practice, conclusions concerning the })ressure 

distribution can be arrived at that will be accurate enough for the 

Purpose of kite flying. This refers more particularly to the cold 

??^^son, when pressure conditions and changes are sharply defined. 

^'ith approaching warm weather the whole problem of analyzing 

Pressure conditions becomes increasingly difficult: and unless some 

^^graphic information is available, one will often be at a loss to 

^ow what to expect. This has its compensation, however, in the 

J^itiparative freedom from unsafe conditions, except such as are of a 

*^al nature, in summer weather. 
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156. The trend of the isobars can be approximated by considering 
the direction of the wind at that moderate altitude above the ground 
where surface friction is surmounted and to which the kites grad- 
ually veer. In lows and in the rear of highs, gradient winds will -^ 
usually be found at only a few hundred meters above the ground. 
AVhile their direction with reference to the isobars varies somewhat 
with the rate of movement of the low or high and their depth varies 
considerably in different quadrants, it will be of aid to know when 
these gradient winds have been reached, considering that their direc- 
tion is approximately parallel to the surface isobars, with low pres- 
sure to the left. Above these gradient directions the winds in a low 
will ordinarily veer or possibly back to the higher levels, depending 
on whether the low is approaching or receding. In the front of a 
HIGH the winds will often back from the ground up, no veering being 
apparent at any level. 

157. Clouds, — ^Low-lying dense clouds add to the perplexities of 
kite flying. They are likely to be a menace in any wind direction 
and during any season of the year, more especially, however, with 
low pressure prevailing. Stratus clouds are characteristic as 
trouble breeders, and any indication of strato-cumulus blending 
into stratus should be reason for caution; and conversely, stratus 
breaking into strato-cumulus should be considered encouraging. 
It is desirable, of course, to obtain a record of upper-air conditions 
in any cloud condition, but judgment should be used in deciding 
on the number of kites to expose when conditions seem threatening. 
In warm weather dense stratus are not necessarily dangerous unless 
they are moving rapidly and rain is falling or seems imminent, j 
The combined effect of rain and strong wind often completely j 
crushes one or two kites. It will sometimes tax the initiative of \ 
the flying force, when caught in such conditions, to limit the danger 

to one or two kites and avoid excessive pull on the wire. It a \ 
flight is started during the prevalence of such conditions, reehng j 
out and the launching of kites should proceed cautiously until the  
absence of any strong wind in the cloud layer is assured. 

158. During periods of more or less continuous rain, the most 
opportune time for making a flight without risk of the kites col- 
lapsing appears to be about midday, when evaporation from the 
clouds often causes a lull in the rain. 

159. Dense fog usually occurs with light surface wind. It has 
been the experience of the Avriter, in the Middle West, when flying 
in dense fogs, that if the wire and dynamometer show that the kit^^ 
have entered a stronger Avind of different direction a few hundred 
meters above the ground, it can be taken for granted that the io^ 
sheet has been surmounted, and need give no further concern. T^ 
other conditions of fog, the kites will fly at a low angular altitude ? 
become water-logged and heavier, and eventually fall to the ground' 
unless reeled in soon after the flight has been started. A usefi:*'-^ 
precaution to observe when the kites are flying at a low angle in ^ 
fog is to take frequent readings of atmospheric voltage, in orde?^ 
to watch for the possibility of the wire touching the ground. 

160. Ice f ovulation, — In the cold season of northern latitudes ^^ 
additional difficulty connected with flying in heavy clouds lies i^ 
the accumulation of ice or rime on the kites and wire in amount-^ 
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that may be sufficient to cause them to fall in spite of rapid reeling 

in. This danger is present only when the surface tenii)erature is 

in the neighborhood of freezing or somewhat below. When any 

of the lower types of clouds prevail with this state of temperature, 

a certain amount of ice will almost always form on the wire, but 

excessive deposits on wire and kites will occur only when the sky 

is overcast or nearly so, and the circumstances favor a prolonged 

exposure of the clouds. The deposit is caused by minute ^zlobules 

of the subcooled water, sometimes having a temi)erature as low as 

-10° C, freezing on contact with the solid surfaces — a i)r()cess that 

is facilitated by wind. There is but little danger of more than a 

light coating of ice on the wire when snow is falling freely, but 

moist snow with wind may cause an excessive pull in the same 

manner as rain with wind. 

161. If, after rising above a strong surface wind, the kites float on 
top of or in the clouds, this fact will be indicated by the dynamom- 
eter. With freezing temperature, unless the kites can be thrown uj) 
higher by reeling in, accumulation of ice Avill ])r()(*eed over a long 
approximately horizontal line of kites and wire and gradually cause 
them to settle down. A connnon condition attending a period of 
rising pressure in winter is a strong cold under-running northerly 
wind, near the summit of which dense clouds form. Often the wind 
above the under-running cold current is too light to lift the kites 
free of the influence of the clouds, with the result that the heavily 
laden kites will fall into the strong lower wind and cause excessive 
pull. If the dynamometer indicates that the kites are flying at a 
good angle, a condition of great cloud depth nuiy be present, the 
possible consequence of which will be indicated only by a lowering 
in the angle of the wire and a lessening of whatever atmos])heric 
electric potential might previously have been recorded. A normal 
potential will dwindle almost to zero as the wire becomes increasingly 
bulky with ice or rime and lower in angle. Dynamometer readings 
can be relied upon only to indicate the approximate angle of the kites 
before they and the wire have had time to become heavily coated, 
after which the pull is inclined to be (lece|)tive, owing to their in- 
creased weight enabling the kites to present a more nearly normal 
surface to the wind. 

162. When in the judgment of the observer the conditions seem to 
be favorable for the formation of ice or rime on the wire, it is a good 
plan to reel out as rapidly as is ccmsistent with a good ascensional 
fate of the kites, thereby penetrating the cloud layer with mininmm 
exposure thereto. A good rule to observe in any threatening cloud 
condition is to begin the final reeling in when the pull is well on the 
safe side of 200 lbs. in order to leave a margin of safety for any 
possible increase in pull later on. 

163. The fact that deposits of rime (frostwork) on the wire, which 
have been observed as large as half an inch in diameter,** are most 
pronounced when snow^ is not actually falling, seems to indicate the 
lack of some final stage necessary for precipitation, when all the 
other essentials for condensation are present. An interesting circum- 
stance bearing on this point is the evidence, in numerous records of 

*Mo. Wea. Rev. Supplement No. 10 (Aerology No. 5), p. 5. 



50 INSTRUCTIONS FOR MAKING AEROLOGICAL OBSERVATIONS 

kite flights, that the beginning of precipitation is often preceded or ;• 
attended by a sudden increase in the electric charge on the wire. 

1C4. Diurnal series, — A knowledge of pressure distribution over ' 
the country is of considerable help when attempting to make 24 to 36 
hour series of flights, as the series are often ended or interrupted by 
the wind becoming too light or too strong, or the weather becoming 
stormy. There are a number of conditions that have been observed 
at Drexel (near Omaha), Nebr., to be favorable for the steady winds 
and fair weather desirable for an unbroken series of flights of fairly 
uniform altitudes. These conditions are perhaps typical of consider- 
able of the interior portion of the country. 

105. An area of high pressure receding to the east generally causes 
a prolonged, somewhat vigorous drainage of air from a southerly 
direction in the lower levels, and more or less steady, lighter winds 
from a westerly direction in the higher levels. If the pressure is 
quite high and the surface wind is strong enough to begin a series 
while still in the crest of the high, or as soon as the pressure begins 
to fall, the probabilities are for favorable flying weather for 24 to 
36 hours or more. 

166. An area of low pressure, centered north of the station and 
moving eastward, is often attended by generally fair weather and 
continuous moderate southerly winds in the lower levels. At higher 
levels, the w4nds will probably be strong and veer from southwesterly 
to w^esterly or northwesterly, as the low drifts eastward. 

167. In the winter excellent series of flights are possible when a 
pronounced high-j)ressure area is approaching from the west or 
northwest. In this condition, however, a series may have to be , 
started while the weather is still cloudy, in order to obtain at least  
24 hours continuous record, since the crest of the high, with its 
attendant light surface winds, often comes not long after the weathet 
clears. 

168. Thunderstorms. — Since a thunderstorm is largely a loc^^ 
phenomenon, no general rules can be laid down for detecting it^ 
approach. No })recaution seems ordinarily of avail other than listers- " 
ing attentively for thunder on days when conditions seem to favor ^ 
thunderstorm development, and frequently breaking the electron 
static ground for evidence of " flash " discharges. By " flash " di^^ 
charge is meant a momentary increase in the potential that cause^^ 
intermittent sparks at the ground gap and are synchronous w^itK^ 
discharges of lightning in the vicinity. As such irregular discharge 
may be an accompaniment of storms passing the station as well a 
of one approaching it, and are, moreover, often observed when th€^ 
sky is mostly clear, they are not, in the majority of cases, necessarily^* 
a warning of unsafe conditions. Flashes of lightning on the horizon^ 
should be considered in connection with the observed drift of such ^ 
clouds as are visible. The probable course of the outlying storm ^ 
may thus be determined. 

169. A possible indication of thunderstorm development may be 
inferred from the strong vertical currents of great depth that are 
frequently evident in warm weather during kite flights. If these 
are associated with high surface humidity and increasing Cu. or 
St. Cu. clouds, conditions are probably favorable for thunderstorm 
formation. In general, when the sky is overcast during the warm 
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season, an erratic action of the electrostatic voltmeter, or thuiuler, 
should be considered a warning. 

170. Flights have on a number of occasions been caught in thunder- 
storms, and, while the records during such storms are extremely 
valuable, the danger of personal injurv and danuige to eciuipment is 
too great to justity other than unavoidable flights under such condi- 
tions. The danger to the i)erson in thunderstorms lies chiefly in the 
landing of secondary kites. The precautions outlined in paragraphs 
23 to 27, inclusive, should be heeded. 

171. Local conditions. — The C(mtinuity of daily flights will dei)end 
a great deal on the vigilance and energy of the station force, as on 
many days when comparative calm prevails a brief interval of 
breeze will be sufficient to carry the kites into steady sustaining 
winds aloft. 

172. Although surface velocities are higher in daytime than at 
night, this fact, particularly in warm weather, has often the opposite 
significance in kite flying. This is undoubtedly explained by the 
fact that convectional currents, even though thev mav cause a sliirht 
acceleration of surface movement, have a damping influence on the 
normal increase of wind velocity with altitude, and, moreover, con- 

i| stitute a mechanical hindrance to successful launching of kites. 
Strong convectional curi^ents tend to cause continual confusion of 
kites, cords, and wire. This scmietimes becomes so aggravated as to 
necessitate reeling in to prevent the kites from falling to the ground. 
Flights, therefore, should be started early enough on summer morn- 
ings to assure a height of 1,()()() m. or more before convecticmal cur- 
rents are well under way. 

173. Sometimes on clear, quiet days, during which a flight has 

been impossible, the kites will readily go u}) about sunset, or when 

nocturnal cooling sets in. It comi)letes tiie often-observed paradox, 

just mentioned, of flying conditions and surface wind, as in such 

instances the station anemometer is very likelv to record lower veloc- 

Jties than at any time during the day. A plausible explanaticm is 

that the sudden cessation of convecti(m currents permits the nornuil 

tendency for horizontal air movement to come into play and that 

the intense radiation at that hour c(mfines the stagnant air to those 

Very lowest levels immediately above the ground. At Drexel this 

condition has been frequently observed and taken advantage of, 

although it has been found to be decidedly perculiar to south winds.^ 

174. The foregoing paragraph illustrates (me of the many causes 
that operate to mask the possibility of a flight from indications of 
the station anemometer. Notwithstanding that it requires a velocity 
^f at least 5 m.p.s. to sustain a kite and several hundred meters of 
^^re, surface velocities as low as 1.5 m.p.s. need be no discouragement 
^Q those attempting a flight. 

175. Breakaways, — Experience in kite flying will be valuable in 
^he measure that it develops not only prescience of danger but 
^^Afidence in action when doubtful ccmditions obtain. Overcautious- 
Jjess may spoil or curtail many a flight that would otherwise have 
"^^n sate and high. On the whole, it may be said that dangerous 
^^ilditions for kite flying, apart from those that are clearly evident 

icv^ See Mo. Wea. Rev., Supplement No. 8 (Aerology No. 4), p. 7, and Mo. Wea. Rev., June, 
*^19, 47:373. 
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from surface conditions, are excei)tional. Therefore, whenever 
weather conditions on the ground permit, a flight can generally be 
started with all assurance of safe return of the kites. 

176. Breakaways may be divided into two classes — (a) accidental 
and (6) those caused by overloading the wire. The former may be 
largely prevented by attention to the condition of the wire, w^hile 
the latter may be subdivided into a number of causes as follows : 

1. Kites floating on top of a shallow wind or flying at a low 
angle and finally rising into strong wind aloft. 

2. Keeling out too rapidly to permit the dynamometer to show in- 
crease in velocity aloft. 

3. Wind increasing rapidly soon after beginning to reel in. 

4. Too long exposure of kites to damp, fast-moving clouds. 

5. In rarer cases, kites caught in a thunderstorm or sudden squall. 

177. To these may be added the occasional. risk of kites falling on 
account of accumulations of ice and the unsteady effects of light 
winds or convection currents. 

178. The prevention of trouble from all these causes will, to a large 
extent, be under the control of the field force. Cause 3 will call for 
the greatest caution on the part of the observer in charge of the 
flight. Winds increasing during the progress of a flight generally 
accompany falling pressure. The rise in wind velocity attending 
the approach of a low-pressure center has often been observed to 
begin at some moderate altitude and subsequently become more gen- 
eral. Close attention to the dynamometer while launching secondary 
kites will give early evidence of increasing wind force aloft. 

IX. KEDI XING THE RECORDS FOR TELEGRAPHING 

179. The data should be prepared for telegraphing and dispatched 
with the least possible delay after the completion of each flight. , 

180. The telegraphic data are obtained by means of an Adiabatic I 
Chart. (Fig. 31.) A detailed description of the theory and prepara- 
tion of this chart has been published in the Monthly Weather Ke- 
view, November, 192G, and tlierefore is not included here. Since 
July 1, 1930, the Weather Bureau has substituted the use of Adia- 
batic Charts for the more detailed computations described in Section 
XI, for all except sounding balloon observations. For tele- 
graphic purposes it is not necessary to enter the wind or vapor 
pressure data on this chart. Only the " ascent " portion of the 
records will be telegraphed. 

181. The kite report will be coded in the following manner: 
(a) The first word in the message will be the name of the station. 
(&) The second word will indicate the time (local standard) of 

launching the head kite. This will be given to the nearest hour, 
zero to 24. Example: 6.25 a. m. (six) ; 9.30 a. m. (ten) ; 2.30 p. m. 
(fourteen) ; 7.37 p. m. (twenty), etc. 

(c) The third word will give the surface temperature (° C.) and 
relative humidity at time of launching. This word will be taken 
from the " Pressure-Temperature " words, pages 24 to 33, Weather 
Code (1924). Familiarity with the latter is assumed. Example: 
14.6° C, 49 per cent, FULGOR. It will be noted that the decimal 
in the temperature is first disposed of according to the regular 
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"Weather Bureau rule and this value (15) is then doubled (30), This 
makes is possible to send odd temperatures. The humidity is indi- 
cated in the second syllable, the odd value (49) being first changed 
to an even value (48). Negative temperatures afe likewise doubled 
{after disposing of the decimal), and the coniiilement then coded, as 
above. Examples: -3.5° C, 89 per cent. TARSOAP; -1,3° C. 
56 per cent, TOMINA; 0.8° C, 99 per cent, ATOM; 0.2° C, 82 |>er 



FlGUBB 31. — Grnphlcal reprpiwntallnn of kite re«>ril from Ellf>n<Ia1p, N. Dnk.. Teh- 
riiary S, 19u'6. (o) I'rewuro-helsht curvp rrfiTred to liplKSt bthU' ainais ulMClaM 
ails; (6) prPMBOrc-wlml curvP, xhoHiii).' velorifj' and direction; (rj |)n'siiureleiu- 
perature curve; (d) pri'MKUre-rclntlvp humlilllir curve; (c) lin-iwurt'-Tapar |ireijsun> 
curve. FlKurps aloiiK orillniite scnte on left Hldo are olitaloed Iriim |iressun--bi'lRlit 
curve, and indicate tlie allltndoB at the points at which the Ihiiiw rule vbnnecH. 
Small vertical Hues on the even prpKKuro lines indlcnte nmoiiat of riirrectlon to be 

applied to actual temijcraturp to iilitnia virtual tempernture. "- ' — " — 
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cent, USAGE. In order to avoid j>OHsibIe fonf usion between relative 
humidities of i>er cent and 100 per cent, the former value will 
always be coded as 2 per cent, 

{d) The fourth word will give the elevation (meters) of the first 
'• level," the same set of words being used for heights as for tem- 
perature and humidity. The " units " place digit, in the elevation, 
will always be considered zero and, therefore, not indicated in the 
code word. The "tens " place digit will always be changed to 
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" even " in accordance with the following rule : If the '' units " place 
digit is other than zero and the "tens" place digit is "odd," the 
latter will be increased to the next " even " figure. Example, 831 
becomes 840. If the " units " place digit is zero and the " tens " 
place digit is " odd," the latter will be decreased to the next " even " 
figure. Example: 5170 becomes 5160; 4210 becomes 4200. 

The " hundreds " and " tens " place digits will be indicated by 
the second syllable of the code word and the " thousands " place 
digit by the first letter of the word, the second letter always being 
" U." Examples : 



Actual height 
87 


Coded height 


Code word 


80 


UPON. 


107 


100 


UNBUCKLE. 1 


831 


840 


UPSET 1 


1,268 


1,260 


BUDDING. I 


2,278 


2,280 


DUNDORE. 


3,015 


3,020 


FULHAM. 


4,010 


4,000 


GUY. 


5, 170 


5, 160 


MURBISH. 


6, 250 


6,240 


NUDE. 



(e) The fifth word will give the temperature and relative humidi^^ 
at the first " level." 

182. Thereafter will be given, alternately, a word indicating t^ 
elevation of each successive " level " and a word indicating tl^ 
temperature and humidity at that " level," as explained above. 

183. Following these words the message will contain the " cloucl 
word. Clouds and cloud heights will be sent in the same way t^ 
in pilot balloon reports, instructions for which will be found in th^ 
Aerological Code, except that elevations will be given above se^ 
level. Cloud altitudes are very important in kite reports and shoul ^ 
be given w henever possible. When they are determined from angula 
readings made on the head kite, a deduction of 2 per cent will b^ 
made to the computed height above the surface, to allow for sag 
in the wire. 

184. In selecting the " levels " to be telegraphed the following gen- 
eral rules will govern : 

{a) Place " levels " at the base and top of all temperature inver- 
sions, except that when two or more very small inversions occur 
close together, only the base of the lower and top of the upper, will 
be sent. 

(b) "Levels" should be so placed that a linear interpolation of 
the temperature, humidity and wind between them, will indicate, 
practically, the actual conditions; in other words, wherever a vari- 
ation in the vertical gradient of any of these elements occurs. 
Owing to the frequent relatively small changes in humidity a tol- 
erance of 10 per cent is permitted in this element. 

(c) Humidity changes accompanying sudden temperature changes 
frequently lag on the meteorograph record, especially when the 
former decreases. In such cases proper allowance should be made 
for this lag. (See fig. 19.) 

(d) A " level " should always be placed at the maximum altitude. 
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X. PBEPARING THE RECCROS FOR FORWARDING TO WASHINGTON 

185. The records are forwarded to Washin<rton each week, wheri 
they are computed and tabulated in detail. The following prelimi- 
nary steps will be performed at the station Ix^fore forwanling tlie 

records : 

(a) Draw " hour lines," i. e., arcs, with a radius ecjual to the len^tii 
of the pen arm. The exact positions of these arcs are determined 
by means of a special celluloid scale having equally spaced divisions 
corresponding to the average hour interval of all clocks, the time 
rate of which varies slightly for different clocks. The important 
point to be remembered in this connection is the necessity for tlie 
"hour lines" on the traces of the various elements to l)e absolutely 
synchronized, whereas, their position as regards actual time is oT 
secondary importance. This is acc(mij)lishe(l by locating the time 
arcs on the pressure trace as described above and nuirklng these 
points on the edge of a sheet of pai)er. This paper is then placed 
over each of the other three traces and the points are tiuis synchro- 
nously determined since all are measured with reference to readil / 
identifiable corresponding points on the traces, such as *' pens up^' 
or "pens down." The same method is ai)plie(l to placing "levels" 
which are indicated bv arrows i)olnting to dots on the traces. (See 
%.19.) 

When drawing " hour lines ", care must be taken to have the centers 
of the arcs located at the same point, i. e., the same ordinate on the 
record sheet as the center of rotation of the ])en arms. 

(b) Base lines will be drawn on the meteorogram and computed 
Oil Form 1108, Figure 82. This is done by drawing a light pencil 
Aine along one of the horizcmtal printed lines on the record sheet, 
choosing that line which is nearest both ends of tlie trace under 
consideration. 

186. Referring to section headed Temperature, Figure 82, the 
times to be entered are those of '" pens u]).'' just previous to launch- 
ing and of "'pens up,'' at the encl of the fligiit. The '' ordinates,'' 
^t the times referred to above, are the number of divisions (and 
tenths), the trace is above (entered as +), or btdow (entered as — ) 
the base line. The surface temperatures at the corresponding times 
^^e entered in the spaces provided. The ordinate value is obtained 
oy multiplying the ordinate by the teni})erature factor (scale value), 
■(he ordinate values are then added to or subtracted from the respec- 
tive temperatures, depending on whether the ordinate is beh)W or 
^bove the base line. The mean of these two values is taken as the 
^^lue of the base line. A tolerance of 2° C. is allowed as the differ- 
^'n.ce between the values for both ends as obtained above. When a 
SJ'eater difference occurs it is usually better to use the value obtained 
^^i* one end as the base-line value, usually the beginning of the trace. 

187. With reference to section headed Pressure, Figure 32, the 
^iiie times are entered in the left-hand column as for Temperature. 
^ he ordinates are read in the same way. The pressures (surface) 
^^^ found by interpolation between the hourly readings as entered 
^^ the data sheet (Form 1107). The ordinate values are obtained 
■*^^prn the pressure table, which gives the corresponding pressures in 
^^llibars for various ordinates. The temperature correction is ap- 
PAie^i to the pressure ordinate at the end of the trace. The amount 
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plied) is entered as negative and added (algebraically) to pressure 
ordinate to obtain corrected pressure ordinate. 

[d) Pressure ordinate negative,' surface temperature fell during 
flight; temperature correction on ])ressure elenuMit (inversely ap- 
plied) is entered as 7iegative and added (algebrai(;ally) to pressure 
ordinate to obtain corrected pressure ordinate. 

(e) When the temperature correction on the pressure element is 
directly applied,® its algebraic sign is reversed in each of the above 
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U. S. DEPARTMEKT OF AGRICULTURE. WEATHER BUREAU 



KITE RECORD COMRUTATION 



^<<i<io», 1 Date. 

Prewure 



Sammarjr 



-A.Wft. 



AlUtnde, 8. L. 



Temperature 
•c 



Kel. bum- 



V»p. or 



. . . Tim^. 
Wind dir, 



m. 



Wind vel. 

M. p. I. 



**«»fftee. 



Ordinate 

I'emp. eoneetioa .. 

Oometed ordiBAto 



Preieure. 



Xfoetor 



Ordinate 



T«9inpenture. 
•f. 

Baae 

y factor =- 



RelatteB kamidlty. 



Qrdiaato 



XflMtor- 



Altitade Aoa praware. 



k 
A 



TAB.. 

LAO ... 

Z 
Station . 
SMlerel 



Altitad* tnm naffU. 



Win oat, m. 
Aaglo 



iUtltm 



t 

Sum for 



' 7-. f- T, y. 



' Cmt. — 

I 

I 

j Suma 

I Mean* 
. ('«r. //. 
Cor. H, 



/ 
t 



Scale reading 



Aaceat. 



Corroeted mean temperature 



Mean of aaceot and deaeent . . 



Wind %c>l<»rity. 

m. p. t. 



X factor - 
Corrpctlon for reeliog 

T. A H. corrrction. 



t 



Dftarent. 



FiOTKE 3.'J. — Form used for conipulinK kito rocordH 

cases and the value added (algebraically) to the pressure ordinate to 
obtain the corrected j)i*i»ssure ordinate. 

189. The pressure ordinate values ol)tained for both ends of the 
base line are added algebraically to the surface pressures and the 
mean of the two values is taken as the base-line value. A tolerance 
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of 5 millibars is allowed as the difference between the values for both 
ends as obtained above. 

190. With reference to the section headed Humidity, Figure 32, 
the same times are entered in the left-hand column as for tempera- 
ture and pressure. The ordinates are read in the same way. The 
surface relative humidity for the two times entered is placed in the 
s|)ace provided. The value of each end of the base line is then 
round by placin<r the zero point of the " standard " humidity scale 
against the value of the surface humidity on the " special scale. 
If the ordinate value is positive, the value for that end of the base 
line is found by readin<r down on the " standard " scale the same 
number of ordinates and readin^r off the corresponding humidity on 
the " special " scale. A tolerance of 10 per cent is allowed between 
the end values of the humidity base line. 

191. Before foiwardin^r the records to Washington they should 
be carefully examined by an experienced member of the station force 
to see that all details have been properly attended to. 

XI. I)ETAILt:i) COMPl'TATIOX OF KITE RECORDS 

192. The fundamental basis for determining heights by the barom- 
eter is the original foiinula of Laplace, amplified into the following 
form: 

or where <//, the value of local gravity is unknown, 

(2) Z = K{l+ad)(^^_^.^^^^{l+kcos2<l>-k'cos'2<l> + (^^ 

log in which 
to p 

A = Height of the upper station. 
Ao = Height of the lower station. 
Z=h-ho. 

/?= Atmospheric pressure at the upper station. 
^0= Atmospheric pressure at the lower station. 
^=Mean radius of the earth. 

^ = Mean temperature of the air column betw^een the altitudes 
li and ho. 

6 = Mean pressure of aqueous vapor in the air column. 

h =Mean barometric pressure of the air column. 
<^= Latitude of the stations. 
^5^ = Barometric constant, 
a = Coefficient of the expansion of air. 
k and A;' = Constants depending on the figure of the earth. 

(7 = Constant = the ratio ^ 2- 

g 

^ = Standard value of gravity =980.665 dynes. 
gi = Local value of gravity. 
A more detailed discussion of this formula is published in the 
Smithsonian Meteorological Tables. 

193. Form 1102 (fig. 33) is used for computing kite records in 
detail. One of these forms is used for each level. They are largely 
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3elf-espIanatory, but some explanation will be made with particular 
reference to the lower half of the sheet. 

194. The values Za and Z, are obtained from the table shown in 
Figure 34, using the pressures at the surface and at the first " level '" 

DETERMINATION OF HEIGHTS BY THE BAROMETER. 



FicuBi 34.- — HHcbtH corresponding to rario 
temnerBture of thp intervening air column 
aee Smithsonian Meteorological Tallies) 



Hs arguments. Their difference (Za — Z,) which is the approximate 
elevation, is then multiplied by the T and H (temperature and hu- 
midity) correction factor. The latter is obtained from the table 
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shown in Figure 35, using the mean temperature of the air column, i 
a.s the argument. This product is then added to Za — Zg when the 
mean temi)erature is above 0°C., and subtracted when below 0°C. 
195. The L and G (latitude and gravity) correction is obtained 
from Tables 62 and 63. Smithsonian Sleterological Tables, 1918, and 
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TEMPERATURE CORRECTION FACTOR. (A.) 



(Mahipljr Tsloes of Z.- 


-Z. by a; 


add correctioii when 


mean temperature is 
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Mmb 


1 






' 




. 










Temp. 

•c. 


' 

i 


.1 


.2 ' 

1 


.3 


.4 


.5 

i 


.6 


.7 


.8 


.9 






a 


a 


a ^ 


a 


a 


a 


a 


a 


a 


a 


'::\ 





0.000 


0.000 


0.001 


0.001 


0.001 


0.002 


0.002 


0.003 


0.003 


0.0O3 




1 


.004 


.004 


.004 


.005 


.005 


.006 


.006 


.006 


.007 


.007 




2 


.007 


.008 


.008 


.008 


.009 


.009 


.010 


.010 


.010 


.oix 




3 


.011 


.011 


.012 


.012 


.012 


.013 


.013 


.014 


.014 


.01-* 




4 


.015 


.015 


.015 


.016 


.016 


.017 


.017 ; 


.017 


.018 


.Ot» 




5 


.018 


.019 


.019 


.019 


.020 


.020 . 


.021 


.021 


.021 


.023 




6 


.022 


.022 


.023 


.023 


.023 


.024 


.024 


.025 


.025 


.025 


'\^ 


7 


.026 


.026 


.026 


.027 


.027 


.028 


.028 


.028 


.029 


.029 




8 


.029 


.030 


.030 


.030 


.031 


.031 


.032 


.032 


.032 


.033 


:^:i 


9 


.033 


.033 


.034 


.034 


.034 


.035 


.035 


.036 


.036 


.036 


^^i 


10 


.037 


.037 


.037 


.038 


.038 


.039 


.039 


.039 


.040 


•^? 1^^^ 


11 


.040 


.041 


.041 


.041 


.042 


.042 


.043 


.043 


.043 


.044 1 ; 


12 


.04^; 
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.045 


.045 
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.046 


.046 , 
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047 1 1 Ii; 
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.050 


.050 


.050 


.051 


.051 I 

mm ^ H •ill 


14 


.051 
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.054 


.054 


• ^^ 1 


15 
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.056 


.056 
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• s^ Ii 


16 
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.060 


.060 
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.062  ' 


17 


.062 
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066 In 


18 
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.069 It 


19 


.070 
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. 073 1 


20 
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.075 


.075 


.075 
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.077 1 
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.077 
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.079 


.079 


.080 


.080 


^gO 1 ^ 


22 


.081 


.081 


.081 
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.083 


.083 


.083 


.084 


; o^*^ 1 \i 


23 
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.085 


.085 
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.087 


.087 


.087 


o»^ 1 


24 
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.090 
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.091 


.091 


. o9^ 1 

52S \\\ 


25 
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.092 


.093 
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.094 
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.094 


.095 


26 
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.097 
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.098 


.098 




27 
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.099 
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.101 


.101 


.101 


.102 
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iXO 111 

in I 


28 


.103 
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.104 
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.105 


.105 


.106 


29 


.106 


.107 


.107 


.108 


.108 


.108 


.109 


.109 


.109 


30 


.110 


.110 


.111 


.111 


.112 


.112 


.112 


.113 


.113 


31 


.114 


.114 


.115 


.115 


.115 


.116 


.116 


.116 


.117 


32 


.117 


.118 


.118 


.119 


.119 


.119 


.120 


.120 


.120 


33 


.121 


.121 


. 122 


. 122 


. 123 


.123 


.123 


.124 


.124 


{ * ^^ ^"^_^F^ 1 


34 


.125 


.125 
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.126 


.126 


. 127 


.127 

1 


.127 


.128 
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.128 
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.1.10 


. 130 


.1.30 
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.132 


.132 
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.141 
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.»;*^ 


39 


.143 
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.146 


.146 


^^ 


- 



FiGUBE 35. — Table of temperature correotioii factors for use in obtaining heights frc^ 

bara metric pressures 

is added to the height (Z). To this is added the station elevati 
since, in kite ^ork, all elevations are referred to sea level. 

196. The above computations refer only to the first computed te 
above the surface, on the ascent and descent, respectively. In tk 
cases, Q is simply equal to one-half the sum of the temperat*^ 

aloft and that at the surface, viz, ( ~— — ^ j. 



n, 




This method of obtar 
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g 6 can be used only when the lapse rate is uniform throughout 
e stratum. However, since the " levels " are placed at points where 
e lapse rate changes, it is obvious that the value of 6 between 
e surface and " levels " above the first (and last) can not be so 
nply obtained. This is done then, by averaging the mean temper- 
ires of successive strata according to their thicknesses, the latter 
ng considered only to the nearest hundred meters. For example, 
tiie first level is at a height ^, the mean temperature of the air 

Jiinn is — ^^ — -J as previously stated. In the case of the next 

her " level " at a height h\ the mean temperature of the inter- 
ing air column is obtained from the following: 

^7. Since the interval between launching and landing the instru- 
it kite is usuallv several hours, it is obvious that the suface tem- 
ature, and that for a certain distance above, will frequently 
e changed appreciably. Therefore, it is necessary to introduce 
urther correction for this change. Th^ height to which this 
nge extends depends largely upon the diathermance of the lower 
ita, and uptm the extent of convectionftl activity. To deter- 
le this height the temperatures observed during the ascent and 
cent, respectively, are plotted against their corresponding heights 
r-Zs)' (See Fig. 3G.) The temperature at the first "level" of 

ascent is plotted at the corresponding height and also the surface 
Lperature at the time of the first " level." These two points are 
nected by a straight line and the same procedure followed for 

temperatures at the lowest •"• level " of the descent and the corre- 
nding surface temperature. The temperatures at successively 
her " levels " are then plotted against their corresponding heights, 
. connected by straight lines until the lines representing the ascent 
l descent converge to within 1° C. of each other. The height at 

ch this convergance occurs is accepted as the height to which the 
face w^arming (or cooling) extends. This height, in the case of 
:ure 36, is 500 m. 
98. The amount of this correction is obtained from the following, 

(T —T \ 
— p ^ j> which is introduced in equation (1), so that the 

•er becomes, 

?he factor just added, viz., he, represents the height (to the nearest 

idred meters) at which the difference between the free-air tem- 

atures of the ascent and descent is 1° C, or less; Tg and Ts^ are 

surface temperatures corresponding to the Tq and Ta' respectively* 

2952—30 5 
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latter is obtained from the Table shown in Figure 37, using *'!'' 
barometric and vapor pressures as arguments. This correction*- '^ 
indicated in terms of temperature and is always additive. 

202. The corrected vahie of (i is determined as explained abc"*^' 
beginning ivitli the first •' level" of the ascent and continuing I'l'' 
ward to the liigliest "level'"; then again working upward, throii^'' 
the descent, to and including the highest " level." The mean of fc')^ 
values of B so obtained for tlie ascent and descent, respectively, '* 
then used for computing the elevation of tlie highest " level." 
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HUMtDITY CORRECTION— ADD TO MEAN TEMPERATURE. 






I 37.— ilumldily o 
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2013. The Tables sliowii in Figures 38 and 39 give the satiiratio 
vapor pressures for various tenii)eratures. These values multiplie 
by the relative humidity give the actual vapor pressure. 



PRESSURE OF AQUEOUS VAPOR. 
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12.53 


12.61 


12.70 


12.78 


12.87 


12.95 


13.0-:^ 


11 


i:i. i:i 


13.21 


13.30 


13.39 


13. 48 


13.57 


13.66 


i:i. 75 


13.84 


13. C^.^ 


12 


1 1. (K) 


14. 12 


14.21 


14.31 


14.40 


14.50 


14.59 


14.69 


14.78 


14. ^^..a 


13 


14 08 


15.08 


15. 18 


15. 28 


15.38 


15.48 


15.58 


15.68 


15.78 


15.«&-- 


14 


I ft. 1M) 


16. Oft 


16.20 


16.30 


16.41 


16.51 


16.62 


16.73 


16.84 


16. {Z^ 


15 


17.04) 


17. 17 


17.28 


17.39 


17.50 


17.61 


17.73 


17.84 


17.96 


18. L :m 


16 


18. I!) 


18.30 


18. $2 


18.54 


18.(>6 


18.78 


18.90 


19.02 


19.14 


](i —  _ 


17 


U). 38 


1ft. 51 


1ft. (».3 


19.76 


19.88 


20.01 


20.13 


20.26 


20.39 


20. i jm 


18 


20. «:> 


20. 78 


20.ftl 


21.04 


21.17 


21.31 


21.44 


21.58 


21.71 


21. t. g- 


19 


21.!»8 


22. 12 


22. 26 

1 


22. 40 


22.54 


22.68 


22.82 


22.96 


23.11 


23.L*sS*' 


20 


23. 40 


23. 54 


23. 6ft 


23. 83 


23. 98 


24.13 


24.28 


24.43 


24.58 


24. S' -3 


21 


24. 88 


25. 04 


25. 1ft 


25. 35 


25. 50 


25. 66 


25.82 


25.98 


26.14 


26.5^<^ 


22 


2(». t(i 


26. 62 


26. 78 


1 26. ft4 


27.11 


27.27 


27.44 


27.61 


27.78 


27.3^ 


23 


28. 1 1 


28. 28 


' 28. 46 


28.6:1 


28.80 


28.98 


29.15 


29.33 


29.51 


29.©^ 


24 


2ft. 8G 


30. 04 


30. 22 


30. 40 


:m). 59 


30.77 


30.96 


31.14 


31.33 


31.^^ 


25 


31. 70 


31.8ft 


32. 08 


32. 28 


32.47 


32.66 


32.86 


33.05 


33.25 


33.45 


2B 


33. <il 


33. 84 


34. 04 


34. 25 


34. 45 


:14.65 


34.86 


35.06 


36.27 


35.48 


27 


.35. (IM 


35. ftO 


3<i. 1 1 


36. 32 


.36. 53 


:16. 75 


36.96 


37.18 


37.40 


37.63 


28 


37.84 


38. (HJ 


38. 28 


IW. 50 


:i8. 73 


38.95 


39.18 


39.41 


39.64 


39.87 


29 


40. 10 


40. 33 


40. 56 


40.80 


41.04 


41.27 


41.51 


41.75 


41.99 


42.23 


30 


42. 18 


42. 72 


42. ft7 


43. 21 


43. 46 


43. 71 


43.% 


44.21 


44.47 


44.72 


31 


41. ;w 


»5. 23 


45. 4ft 


45. 75 


46.01 


46. 27 


46.54 


46.80 


47.07 


47.33 


32 


4 7.liO 


47.87 


48. 14 


48. 42 


48. 69 


48.97 


49.24 


49.52 


49.80 


50.08 


33 


50. 3(» 


50. (»5 


50. ft3 


51.22 


51.50 


51.79 


52.08 


52. 37 


52.67 


52.96 


34 


53. 2U 


53. 56 


53. 85 


54. 15 


54.46 


54. 76 


55.06 


55.37 


55.68 


55.99 


35 


5«. 30 


56. 61 


56. ft2 


57. 24 


57. 56 


57. 87 


58.19 


58.51 


58.84 


59.16 


m 


5ft. 4ft 


5ft. 81 


(H>. 14 


60. 47 


til>. 81 


61.14 


61.47 


61.81 


62.15 


62.49 


37 


«2. 8:t 


liii. I 7 


t>:i. 52 


tW.86 


64.21 


64.56 


64.91 


65.27 


65.62 


65.98 


38 


<iU. 31 


(i6. (ift 


67. IX> 


67. 42 


67.78 


68.15 


68.52 


68.89 


69.26 


69.63 


39 


70. 01 


70. ;i8 


70. 76 


71. 14 


:i.M 


71.91 


72.30 


72.68 


73.07 


73.46 


40 


73. 8<» 


74.25 


74. rv% 


75. lU 


75. 44 


75. 85 


76.25 


76.66 


77.06 


77.47 


41 


77.88 


78. 30 


78. 71 


7ft. 13 


79. 55 


79.97 


80.39 


80.81 


81.24 


81.67 


42 


82. 10 


82. 53 


82. ft 7 


8;i,40 


8;^. 84 


84.28 


84.72 


85.17 


85.61 


86.06 


43 


8(i. 51 


86. «H» 


87. 42 


87. 87 


88. rui 


88.79 


89.26 


89.72 


90.19 


90.66 


44 


fti.:w 


ftHk> 


ft2. 07 


ft2, 55 


9:1. 0:1 


9:1. 51 


93.99 


94.48 


94.97 


95.46 



Fuu'KR %SS.- - StU\inUion VH|H>r prossnre lahle for tomponituros from 0* to 4-l^ C. 
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PRESSURE OF AQUEOUS VAPOR. 
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-84 


0.25 


0.25 


0.24 


0.24 


0.24 


0.24 


0.24 


0.23 


0.23 


0.23 


-88 


.28 


.28 


.27 


.27 


.27 


.26 


.26 


.26 


.26 


.25 


-82 


.31 


.31 


.30 


.30 


.30 


.30 


.29 


.29 


.28 


.28 


-81 


.34 


.34 


.34 


.34 


.33 


.33 


.32 


.32 


.32 


.31 


-80 


.38 


.38 


.38 


..37 


.37 


.36 


.36 


.36 


.35 


.36 


-29 


.43 


.42 


.42 


.41 


.41 


.40 


.40 


.40 


.39 


.39 


-28 


.47 


.47 


.46 


.46 


.45 


.46 


.44 


.44 


.44 


.43 


-27 


.62 


.62 


.61 


.51 


.60 


.60 


.49 


.49 


.48 


.48 


-28 


.68 


.67 


.67 


.66 


.66 


.66 


.54 


.64 


.63 


.63 


-25 


.64 


.63 


.63 


.62 


.62 


.61 


.60 


.60 


.59 


.68 


-24 


.71 


.70 


.69 


.69 


.68 


.67 


.67 


.66 


.66 


.65 


-23 


.78 


.77 


.77 


.76 


.75 


.74 


.74 


.73 


.72 


.71 


-22 


.86 


.86 


.84 


.84 


.83 


.82 


.81 


.80 


.80 


.79 


-21 


.96 


.94 


.93 


.92 


.91 


.90 


.89 


.89 


.88 


.87 


-20 


1.04 


1.03 


1.02 


1.01 


1.00 


1.00 


.99 


.98 


.97 


. 96 


-19 


1.16 


1.14 


1.13 


1.12 


1.11 


1.10 


1.09 


1.07 


1.06 


1.05 


-18 


1.26 


1.26 


1.24 


1.23 


1.22 


1.20 


1.19 


1.18 


1.17 


1.16 


-17 


1.39 


1.37 


1.36 


1.35 


1.34 


1.32 


1.31 


1.30 


1.29 


1.27 


-16 


1.52 


1.61 


1.49 


1.48 


1.47 


1.45 


1.44 


1.43 


1.41 


1.40 


-15 


1.67 


1.66 


1.64 


1.62 


1.61 


1.59 


1.58 


1.57 


1.55 


1.54 


-14 


1.83 


1.81 


1.80 


1.78 


1.76 


1.75 


1.73 


1.72 


1.70 


1.69 


-13 


2.00 


1.99 


1.97 


1.95 


1.93 


1.92 


1.90 


1.88 


1.86 


1.86 


-12 


2.19 


;j.i7 


2.15 


2.13 


2.12 


2.10 


2.08 


2.06 


2.04 


2.02 


-11 


2.40 


2.38 


2.36 


2. 33 


2.31 


2.29 


2.27 


2.25 


2.23 


2.21 


-10 


2.62 


2.60 


2.57 


2.55 


2.53 


2.51 


2.48 


2.46 


2.44 


2.42 


- 9 


2.86 


2.83 


2.81 


2.78 


2.76 


2.74 


2.71 


2.69 


2.67 


2.64 


- 8 


3.12 


3.09 


3.07 


3.04 


3.01 


2.99 


2.96 


2.93 


2.91 


2.88 


- 7 


3.40 


3.37 


3. 34 


3. 31 


3.29 


3.26 


3.23 


3.20 


3.17 


3.15 


- 6 


3.70 


3.67 


3.64 


.3.61 


3.58 


3.55 


3.52 


3.49 


3.46 


3.43 


- 5 


4.03 


4.00 


3.97 


3.93 


3.90 


3.87 


3.83 


3.80 


3.77 


3.74 


- 4 


4.39 


4.35 


4.31 


4.28 


4.24 


4.21 


4.17 


4.14 


4.X0 


4.07 


- 3 


4.77 


4.73 


4.69 


4.65 


4.61 


4.58 


4.54 


4.60 


4.46 


4.42 


- 2 


6.18 


6.14 


5.10 


5.06 


5.01 


4.97 


4.93 


4.89 


4.85 


4.81 


- 1 


5.63 


5.68 


5.53 


5.49 


5.44 


5.40 


5.36 


6.31 


6.27 


6.23 





6.11 


6.06 


6.01 


6.96 


5.91 


6.86 


6.81 


6.77 


6.72 


6.67' 



FiGUHB 30. — Saturation vapor pressure table for temperatures from 0* to —34" C. 
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204. Tlie Table sliown in Figure 40 gives the " reeling " correcficai, j 
wliidi is tultk'd to the indicatt'd wind velocity when the kite is being ' 
itvled out iind snlitniftcd when reeled in. 

205. As nil u|)i>n).\iinate check on the computed altitude of tlieiii 
Ktrnnient kite, its elevation angle is observed by means of a theodolite 
at frcqnent intervals during the flight. The height is then detfr- 

CORRECTIONS FOR WIND VELOCITY. 

IN METER* PER ((COHD. 

Reeunq 0UT+. Reelinq in-. 



TIME AND DISTANCE BETWEEN OBSERVATIONS. 
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mined trigonometrically from the expression A=^ sin ^, where /t-^' 
the vertical heiglit, I, the length of wire out (meters) and, ^, C^' 
elevation angle. The result thus obtained should be reduced '^' 
about 2 per cent to allow for sag in the wire. 

Wind directions are obtained by eye observation on the kit^* 
When the latter are above a cloud layer the direction is estimated. 
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07. The computed data are tabulated on Form 1105 (fig. 41), the 
a for the standard levels, i. e., SOO, 1,000, 1,500 meters, etc., being 
ained by linear interpolations. The barometric pressiii-e, however, 
ce it does not change linearly witli height, is plotted aguiniit the 
ght, and the points connected by a curve fi-om which the pressures 
the standard levels are obtained. The vapor jd-essures for tlie 
ndard levels are obtained bv multiplying the saturation vapor 
ssiires (figs. 38 and 39) for tlie given teiiiponitnres by the corres- 
iding relative humidities. 

08. The column headed ,-j7T7 — indicates the temperature lapse 
; and is expressed in ° C. per 100 meters. It is found by dividing 
temperature difference by the altitude difference. Lapse rates 

F AOItrcULTIIItE. 



FREE-AIR DATA FROM KITE FLIQUTS 



indicated to two decimil pi Re'- Tht absence of a ( + ) or ( — ) 
1 signifies a decieast in tinipeidtuie mt\\ Imglit, and a ( — ) sign 
cates an incieahe in tem|H:iatuie witli height, i. e., an inversion. 
)9. Under " remarks " are recorded all plienoniena observed dur- 
the flight, such as clouds, halos, precipitation, thunderstorms, etc. 
10. Whenever kites are observed to enter a cloud base, the eleva- 
angle of the kite and length of wire out are noted and the cloud 
:ude determined trigonometrically. (See paragraph 205.) This 
le is added to the station elevation and the next lowest 50 meters 
aken as the cloud lieight, exce|)t when the value is 500 meters 
ess, when the next lowest 25 meters is used. This method is 
itituted for that in which 2 per cent is deducted, referred to 
Section IX, paragraph 183. 



AIRPLANES 

XII. (JKNEKAI. DKsrilIITION 

211. Aerologiral observations by means of airplanes bave a num- 
ber of iniportancc ii<l vantages over kite observations, viz : 

(fl) The time required for a plane to reach a given height is 
considerably less than for a kite. 

(6) Fliglits can be made by plane during cahns and very liglit 
winds. 



(c) Tlie i»ossibilities of flying a plane are greater than those of 
flying a kite dnriiig tlie owiirreiice of jtrecipitation. 

((/) Greater heights can be reached by plane, 

(e) Eye observations of the upper limits of clouds, haze, fog, etc., 
can he made from a plane. 

There ai-e .some conditions, however, that are peculiarly dangerous 
for airplane flights, but that present no especial difficulty to making 
soundings by kites or balloons. Principal of these are heavy snow- 
storms and dense fogs, the almost entire lack of visibility attending 
them making take-oif and landing of airplanes practically impossible. 
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il2. Ill order to procui-e accurate records tlie plane should not 
iiib faster than 200 to 250 meters i>er minut*. Also, it should 
svel off " for 1 minute or more at approximately every 500 meters, 
e descent can be made as rapidly as desired unless the descent 
:'tion of the record is to be used, in which case, the same speed 
>uld be maintained as for the descent. 

Xiri. AEKO-METEOmlGUAFII 

:13. The instrument used in airplane observations is called an 
o-meteoi-ograph, (Figs. 42 and 43.) The complete mechanism 
nclosed in a nonferrous metal case, hinged to the base and per- 



Fii;ultE 43.— Aero-mplcoroBHipli with cover llttpd 

■ated to allow free circulation of air. It records simultaneously 
i pressure, temj»eruture, and humidity of the atmosphere and is 
scially adapted for use on airplanes and dirigibles. 
Hi. Figure 42 sliows the instrument with its cover and Figure 43, 
th its cover reniovpd. The instrument, including the cover, weighs 
' kg, (6.2 lbs.). The base, 'Ji.<> inclies long and 4 inches widcj is 
ide of formc<l sheet brass and is constructed for greatest rigidity. 
' the under side of the base a clock is fastened which conti'ols the 
le-movemont of the upright cliart cylinder to which it is directly 
ired. This cylinder revolves about a tapered shaft of phosphor 
mze, securely clamped to the base. 
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'215. A cliait, Fifjiiro 44, adaptoil fof a G-hoiir triple record is 
attiic'lHMl to tlie Hiufai-e of tlio cylinder and iw held in place by u 
metallic t-lip. Tlie tliree pens which trace the incteoroloyical recoril 
are controlled to an accurate recording movement, fiince the axes of 
the pen arms ui'e sii|»i)orted individually on upright columns ot 
sheet brnss suitably channeled and tajjered, thus precluding distor- 
tion or displaccniicnt. It will be noted tliat the pressure scale 
decreases upward and that the range of the humidity pen is con- 
siderably greater than on the kite meteorograph ; also, that the scaio; 
values of all three elements are linear. 



216, 7'fie iireiiitre. tc/iipemturi; and hu»u<lity ch'menta are of the 
same tj-pe used mi the kite meteorograph. (See Section VI, para- 
graphs (W to (i5.) Tile temperature element shown in Figure 43 is 
of the liourdun type but the newer instruments are now equipped 
with bimetallic tempeiatuit elements as in the kite meteorographs. 
The movement of the pres.'iure element is transmitted directly to the 
pen arui ami records changes in pressure between 775 and 450 milli- 
meters, correspond iiig to an altitude of about 4,300 meters. Greater 
lieiglils can be recorded by adjustment of the pen range. The range 
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f the temperature pen is from —30° to 40" C. The setting of tlie 
ens is controlled by a thumb nut IcHiited ou tlie t>en aims m tliat 
tey can readily be set to ayiee with the ^ituntlurd instruments. 

217. The aero-meteorograi>h must be mounted on the [)lane where 
il will be unaffected by heat from the motor, exhaust, or cockpit. 
Figures 45 and 46 show two methods of mounting these instruments 
used by the Navy Department. Vibration is eliminated by tlie use 
)f elastic cord. Figure 47 shows a metliod of intmnting used for 
)btaining records during conditions favorable for the formation of 
ceon airplanes. It will be noted that in the latter, the instrument 
s carried inside a special container so as to protect it from ice as 
Quch as possible. Figure 48 shows the instrument being placed 
Qside this container. 



218. Aero -meteorographs are calibrated with the same apparatus 
lat is used for kite meteorographs. As a rule, the calibrations are 
ade to agree with the piinted scales on the record sheet, but in 
>ine cases it is found more desirable to calibrate them like kite 
eteorographs, i. e., disregarding the printed scales. 

219. The aero-meteorograph records are computed in the same 
ineral way as the kite records. However, when the calibrations are 
lade with reference to the printed scales on the record sheet, it is not 
ecessary to draw and compute base-lines. When the calibrations 
Ce made without reference to the printed scales, base-lines are drawn 
nd the records computed exactly as are the kite records. (See 
g.M.) 



INST1!IICTU)NS FOIt MAKINQ AEROLOGICAL OBSERVATIONS 



B 40,— A'.To-meteorograph mouiitPtt on a Savy plaoe 
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FiGUBE 48.— Sjiwlal eim taint 



SOUNDING BALLOONS 

XIV. GENERAL DESCRIPTION 

220. Sounding balloons are used to carry meteorological instru- 
ments to tlie greatest heights attainable. In general, the heights 
reached are about 15 km., but with extra good balloons, heights 
exceeding 30 km. are occasionally attained. Sounding balloon ob- 
servations are usually made by the Weather Bureau each year during 
the International Alonth, designated as such by the International 
Commission for the Exploration of the Upper Atmosphere. Also, 
special series are sometimes made to obtain data for studies of upper 
air conditions during the prevalence of certain types of pressure 
distribution. 

XV. SOI'NDIXG BALLOON METEOROGRAPH 

221. The Fergussou meteorograph ^ is used by the Weather Bureau 
in sounding balloon observations. (Fig. 49.) Two of the most 
important features of this instrument are: 

(a) Its light weiglit, viz, between 190 and 200 grams (7 oz.); 
including the cover. 

(h) The double traverse of the pressure marker. 

Other features are its sim})licity and economy in construction, its 
strength and rigidity to withstand customary hard usage, and its 
clear and accurate records. The instrument is 8I/4 inches long, 3y2 
inches wide, and 4i/4 inches high. 

222. The pre.ssfwe element is a vacuum Bourdon tube. A specially 
contrived link-motion controls the marker arm which, with its revers- 
ing movement, traces a record double the extent of the pressure space 
on the record sheet. The range of the recording style is nearly one 
atmosphere. 

228. The temperature eJe?neftt consists of a thin piece of thermo- 
static metal, made of invar and bronze which are electrically welded 
together and bent into a nearly circular shape. The temperature 
(dement is shielded from direct sunshine and insulated from heat 
radiation by being placed in a double-walled tube. The temperature 
scale is approximately 1 millimeter on the record sheet to each 1.8° C. 

224. The humidity element, consisting of eight separate strands of 
human hair with a reclaiming spring to maintain constant tension, 
is mounted in the same tube with the temperature element. The 
range from zero to 100 per cent humidity is through approximately 
15 millimeters. 

225. llie eloel\ which rotates the cylinder to which the record 
sheet is attached, is especially constructed to reduce weight and is 
adapted to limit the revolutions of the cylinder to the time period 
of the actual flight, thus j^reventing unnecessary and confusing 
records after descent. 



» Fergusson, S. P., New Aorological Apparatus, Monthly Weather Review, June. 1920. 
74 
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i6. The cylinder has a circumference of 180 mm. (7.1 in.) and 
5 mm. (3 in.) high. The axes of tlie three recording markers 
so located at the same height above the base that the markers 
re the same time-arc on the cylinder. The latter makes one com- 
te i-e volution per hour. 



iSi7. The recoi'd is traced on a wmoked aluminum sheet and not 
engraved paper. The observed tracings are afterwards measured 
d reduced by means of comparative tests with standard instru- 
;nts. (See Sec. XVI.) 
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228. The whole mechanism is inclosed in a polished aluminum 
case (see fi^. 49) constructed with a sliding door to give easy accessL 
to the apparatus within. There is an additional opening above^ 
through which the clock can be wound and the cylinder, togethe 
with the record sheet, removed. 

XVI. CALTHRATION OF METEOROGRAPHS 

229. These instruments are calibrated for pressure in a speci^Ex] 
apparatus (fig. 50) which permits a simultaneous reduction ^:::i>f 
temperature, simulating atmospheric conditions from the surface ~^o 
the heights reached by the balloons. This method is necessary Li^e- 
cause of the extremely low temperatures encountered at high alti- 
tudes. This type of chamber was designed by the National Advisee i-y 
Committee for Aeronautics at Langley Field, Va.^*^ 

230. The apparatus is composed of an upper and lower secti^ion. 
The legs are fastened to, and are a part of, the upper section, "t lie 
lower section being movable in the vertical direction and counter- 
balanced by a suitable weight in the rear. 

231. The upper section supports, and thermally insulates, a circju- 
lar cast iron i)late which supports the instrument rest, the air c^ir- 
culating blower, the cooling coils, the high pressure expansion valve, 
the heat interchanger and the automatic relief valve. All air ti nd 
electrical connections ])ass through the iron plate which forms "the 
top side of the air-tight cliamber. This cast iron plate is ribljed 
to prevent distortion, and has a thick annular ring finished to 
accommodate a glass bell jar 12 inches in diameter. 

232. The cooling coil consists of 30 turns of 3/g-inch (O. D.) cop- 
per tubing having a length of G2 ft., and furnishing 6 sq. ft- oi 
radiating surface. 

233. The lower section of the cabinet houses the inverted 13^1^ 
jar, the open edge of the bell jar being ground to a plane surfo.ce. 
When tliis section is raised, the jar comes in contact with the loAver 
surface of the iron plate and forms an air-tight joint. This seals "tU^ 
chamber. 

2e34. The size of the chamber and bell jar is such that six Fergusson 
balloon meteorographs can be calibrated at the same time. A svii^" 
able observation window is placed in one side of the cabinet to ena^ble 
the operator to observe any visible change or read any instrumC'l^^ 
that may be placed within. The glass bell jar is insulated with cof^ 
board 4 inches thick at its thinnest section. 

235. The carbon dioxide (CO2) tank is supported in a wood^P 
rack adjacent to the altitude chamber. The valve of the tank ^^ 
down, in order to force the liquid to the chamber expansion valve. 

236. Temperatures as low as —50° C. can be attained with tb^^^ 
apparatus. It is not practicable, however, to use it for the calibr- 
tion of the temi)erature elements, the latter being calibrated by ir 
mersion in an alcohol bath. The temperature of the alcohol is r^" 
duced by placing compressed carbon dioxide (dry ice) in it an-^ 
mixing thoroughly. Temperatures of —70° C. and lower are thi:^^ 

10 Tochni(ral Notes, National Advisory Convmitteo for Aeronautics, No. 229. An Altitu^^ 
Cliamber for the Study and Calibration of Aeronautical Instrunreots, By H. J. E. Re**^ 
and O. E. Kirchuer. 
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Mble <tf iittaiiiini'iit. Tlif iiisliiiiiicnti^. with <-lock niniiiiif.'. nri- 
inersed just siifficicntlv t<i cnvi-i- llic li'iii|HTiitiiiv clcmi'iil iiinl nii- 
4 in till' batli until tl'ic tciiiiK'nitiirc iiiJiikiT slmws i\n- t'li-iin-iit 1<i 
VI' bmiine in-opvHy iuljiisti-tl. Tin- It'iiiiM-niliiri' is tlicri I'cmi rn>iii 
-liiiultinl tliiTiiiiiiiK'tiT wliicli is iilso iiiiiiicist'd in llio IjiUIi. Iiiliiu'I'- 



iis urciiimlp iif tii>iiroxiiiiiitt'lvtli('f()ni)wiiijitciiii)pi«tnrcs: —75' C-, 
ifl" C, --2',° <;,, 0" C, iiiKl 2i)'-' C. th(^ two Intti-f immt'rsioiis beiiif,' 
(le in 11 nn'ltiiijr ice iiiiil wtitcr bath, rpspoctividy. 
!'67. Tlic buniidily elements arc Ciibbrjitcil l)y pbiciufi the iiistni- 
nts inside tlie biiiniibty chambers mvd for kite meteoi-ofiniphs. 
aor,2— :!(( 
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The relative luimidity is adjusted to a minimum and maximum, with 
several intermediate values, and the instruments are subjected to these 
conditions and the positions of the marker noted with reference to 
the jraychrometer readings. 

XVII. MAKING THE rl.IGHTS 

238. The halloons iiu'd are seamless rubber, 40" in diameter, ca- 
pable of expansion to between two and tliree times their normal 
diameter, an<l weigh between 800 and 1,000 grams. 



239. Care of halloons.— It is very important that these balloons 
never be placed near any heated object, snch as a radiator, stove, etc. 
They should be kept well dusted with a very fine grade of soapstone 
or talc. This serves to prevent the rubber surfaces from sticking 
together and also pi-events oxidation of the surface of the rubber. 
They should be kept in as cool (not cold) a place as possible and 
especially away from direct sunlight. They should not lie in one 
position with the same surface in contact all the time, but should be 
turned or handled about every two weeks. 

240. The balloons must be inflated indoors so that wind or rain will 
not interfere with obtaining the proper free lift. On account of the 
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size of these balloons after inflation (60 inches diameter, approxi- 
mately), it is necessary to have a wide door to pass through. A 
garage is generally well suited for this work. 

241. InfMion of halloons, — The balloons are inflated with pure 
hydrogen gas to a free lift such that the balloon will rise at a rate 
of about 200 meters per minute. The extreme limits of the ascen- 
sional rates are 150 and 300 meters per minute, below or above which, 
the records are not considered accurate. The free lift required is 
dependent upon the size and weight of the balloon and the weight 
of the equipment to be carried. Usually the free lift is from 500 to 
600 grams for Weather Bureau equipment. After this has been 
determined the balloon is inflated to this "definite free lift" bv 
means of the apparatus shown in Figure 51. 

242. The procedure is as follows : After expelling all the air from 
the balloon the neck is placed over the wooden nozzle and the balloon 
is inflated with hydrogen until the suspended weight is just lifted 
from the floor. This suspended weight should be equal to the re- 
quired free lift plus the weight of the meteorograph and accessories 
(exclusive of the weight of uninflated balloon), less the weight of 
the rubber tubing and nozzle. Example : 

Grams 

Required free lift 500 

Weight of meteorograph, basket, paracluite, etc 262 

Weight of rubber tubing, nozzle, etc. (lifted by balloon when inflating) 83 

In the above case the suspended weight should be 679 grams, i. e., 
the sum of the first two figures minus the third figure. The "total 
lift" in this case would be 7G2 grams phis the weight of the unin- 
flated balloon. 

243. In case any pinholes develop in the balloon during inflation, 
they should be patched with the special rubber cement made for use 
with these balloons. However, the liquid cement must not come in 
contact with the ballocm. The patch should first be coated with the 
cement and then allowed to become tlioroughly dry. The surface of 
the balloon should be washed with water to remove all traces of dus< 
fT powder. The patch is then applied to the balloon. 

244. PrecmitionH agaith^f explosion.^. — It is a well-known fact that 
hydrogen and air when mixed in tlie ])roper i)roporti()n are highly 
explosive. Therefore, the following instructions should be rigidly 
enforced : 

{a) Smoking should be ])rohibited at all times in, or near, the 
room where the balloons are inflated or where hydrogen 
is stored. 

(6) Whenever a balloon, during the process of inflation, is 
found leaking it should be detached at once, taken out- 
doors, and exhausted of hydrogen in the open air. 

{c) In case a balloon bursts while being inflated, all doors and 
windows of the room should be immediately opened so 
the hydrogen may escape. 

{d) So far as possible, doors and windows of the room should 
be kept open whenever a balloon is being inflated. 

{e) A suitable sign, somewhat as follows, " Danger — No Smok- 
ing," should be posted in a conspicuous place where the 
balloons are inflated or hydrogen stored. 
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Figure 52. — Method of attaching 
meteorograph and parachute to 
sounding balloon 



245. Smoking the record sheet.— 
Tlie record sheet is attached to the 
cylinder by interlocking the folded 
edffes. The sheet is then smoked by 
holding it over a gum-camphor flame. 
To do this a rod is passed through the 
cylinder and the latter is then turned 
rapidly so that it will be smoked 
evenly. The coating must completely 
cover the record sheet but not be so 
thick that the styles will not pene- 
trate it. 

246. Oiling meteorograph, — ^Place a 
small drop of kerosene on all pivots 
and bearings of the meteorograph (in- 
cluding the clock) just previous to the 
observation. Any other oil will con- 
geal when the low temperatures of the 
stratosphere are encountered. To do 
this the clock must be removed. When 
the clock is secured to the base after 
oiling, the screws by which it is 
fastened should never be turned tight, 
as this may place it out of alignment 
and cause it to stop. 

247. When the clock has been re- 
placed after oiling, the cylinder with 
its smoked record sheet is placed on 
and secured to the clock spindle. The 
clock should be wound and started just 
previous to placing the markers against 
the record sheet. The meteorograph 
markers must press against the smoked 
record sheet with just the proper ten- 
sion ; too much tension will cause c^' 
cessive friction, and too little W^ 
result in loss of record. The test ^^^ 
proper tension of the markers is vca^^ 
by holding the instrument so that '^^ 
markers are underneath and obse ^^ 
ing whether they just leave the recC^ 
sheet when the instrument is sligh '^ 
tapped. 

248. The instrument must be allow-^ 
to become properly adjusted to o^— - 
door conditions before releasing (frC^ 
15 to 30 minutes being necessary) a^fi 
therefore it should not be held in i^ 
sun or too close to the observer's bocC- 
At times of insufficient wind, the i^ 
strument should be fanned so th^ 
the true surface conditions will t^ 
recorded. 
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249. Parachute. — A s^juare yard of bright red silk is fastened to 
le top of the balloon to act as a parachute after the balloon bursts 
nd also to attract attention after the ecjuipnient lands. A cord 
5 tied from each corner of the parachute to a lug on the balloon 
dth sufficient slack to allow for expansion of the latter. 

250. Fastening 7iheteoi'0 graph to balloon, — The meteorograph is 
led in the wicker basket in the following manner: 

From each of the lugs on the instrument, tie a cord to an inter- 
ection on the basket. This nuist be done carefully so that all of 
he cords remain taut and the instrument remains in the exact cen- 
er of the basket. The latter is hung at least 25 feet below the 
alloon as shown in Figure 52. 

251. A return tag is attached to the basket rec^uesting the finder 
pack the instrument carefully and return it by express (collect) 
or which payment of a few dolhirs is made. 

252. Releasing the balloon, — This is easily accomplished when the 
rind is light but great care is necessary during strong winds. If 
his is done from the toj) of building the leeward side should be 
ised and care taken so that the instrument does not strike any 
bject. When the balloon is released from the ground (hiring high 
rind, it is advisable to run irith the irlml as fast as possible and 
elease the balloon when it is in as nearly a vertical position as 
ossible. 

253. Sounding balloons are generally released about one hour be- 
3re sunset so as to avoid, as much as possible, the vitiating eftects 
f insolation. Night observations would, of course, entirely elimi- 
ite such effects, but since it is desirable to follow the balloon with 
^0 theodolites it is necessary to have daylight conditions. 

254. The following data should be recorded when making a sound- 
g balloon observation : 

(a) Elevation above sea level of both the point of release and 
of the station barometer. 

(6) Time balloon is released. 

{c) Serial number of meteorograi^h. 

{d) Weight and size (diameter) of uninflated balloon. 

{e) Weight of meteorograph and accessories (excluding bal- 
loon). 

(/) Diameter of inflated balloon. 

{g) Free-lift (see paragraph 242). 

{h) Time of ''markers down" (should be a few minutes be- 
fore release). 

{i) Dry and wet bulb thermometer, station pressure, relative 
humidity, surface wind velocity and direction, clouds and 
any unusual i)hen()mena at the time of release. 

255. Theodolites. — If possible, the balloon should be followed with 
iTO theodolites, using a base line of several kilometers in length 
inning as nearly as possible at right angles to the general direction 
at the balloon is expected to travel. If two theodolites are im- 
■acticable, one theodolite should be used. Whenever two theodo- 
:es are used, the time rate (mm./hr.) of the meteorograph clock 
ould be determined within the 24 hours preceding the observation, 
he time rate should be referred to the same timepiece used in 
aking the two theodolite readings. In 2-theodolite observations 



82 INSTRUCTIONS FOR MAKING AEROLOGICAL OBSERVATIONS 

it is of the utmost importance to read both instruments simu 
taneously. To do so it is necessary to have a suitable signal devic 
either electrical or visual. 

256. Return of metaroyraphs. — When the metorographs are n 
turned to the station the cylinder containing the smoked recor 
Siheet is very carefully removed and the latt«r (while still on tli 
cylinder) is immersed in a solution of " fixatif." When dry, tli 
record sheet is very carefully removed from the cylinder, Figui 
53 shows an actual sounding balloon record. 

257. 7'he percentage of returns depends largely on the region i 
which the balloons are released. In fairly well populated sectior 
this usually amounts to about 90 per cent. They usually land witl 
in 50 miles, but occasionally several hundred mileS away. To insui 
the greatest percentage of returns, action shoidd be taken to ha\ 
suitable announcements in the press and, if possible, by radio, inforii 
ing the public of the observations and the payment oifered for tl 
return of the equipment. 



E o;i. — Souiiiiins balloon record of Docember 



258. Precautioiiis to insure a good record. — -The details of preji 
ration in sounding balloon work are of the greatest importance, 
the omission of any one mav result in failure to Secure a relial 
i-ecord. Particular care should therefore be taken in regard to paa 
graphs 246, 247, and 248. As a final precaution the observer rele s 
ing the balloon should make certain that the styles are marki- 
properly and the clock is wound and running. 

259. Computation of records. — The sounding balloon records s 
computed in the same way as the kite records. Base lines are dra"" 
and the ordinates of the various elements are measured with a pi 
of draftman's dividers and a millimeter scale. The computed dt 
are then tabulated and interpolations made for the standard leve 
as in kite work. Computed heights are compared with the resu 
of 2-theodolite observations. Wind velocities and directions e 
determined in accordance with instructions for making pilot ballo' 
observations. Weather Bureau Circular O, 1928. When only o 
theodolite is used the computations of wind data are based on t 
heights determined from the meteorograph record sheet. 



LIMITED-HEIGHT SOUNDING BALLOONS 

XVIII. GENEKAL DESCKIPTION 

260. Limited-height sounding balloons are used when winds are 
too light for kite flying. The method is also advantageous in iso- 
lated regions and over water areas where regular sounding balloons 
landing considerable distances away are not likely to be found. 

261. Balloons, — The regular sounding balloons are used for these 
observations. (See Sec. XVII, par. 288.) No parachute is neces- 
sary, however, as the balloon deflates gradually and therefore serves 
as a parachute itself. 

262. Meteorograph, — The Fergusson sounding balloon meteoro- 
graph (see Sec. XV), is readapted for this work by replacing the 
smoked record sheet with a ruled paper sheet and the pointed 
markers with pens for use with ink. The kite rec^ord sheet, Form 
1101 (fig. 19), is trimmed down to fit the balloon meteorograph cyl- 
inder. The humidit}^ space on Form 1101 is not used, however, the 
ordinates for this element being of the same size as those for pressure 
and temperature. The double-traverse arrangement of the pressure 
mechanism is removed as the comparatively lower heights reached 
by this method make such an arrangement unnecessary. The same 
calibration apparatus is used as for kite meteorographs. (See 
Sec. VII.) 

263. De-flation device, — The device used for deflating the balloon 
at a predetermined altitude is the Rossby deflation valve. (Fig. 54.) 
This is made of aluminum, weighs 40 grams, and fits into the 
neck of the balloon. The valve is normally kept open by means 
of a spring but when inserted in a balloon it is held closed by means 
of a cord tied to the lower end of the stick as shown in the figure. 
When this cord is released, the valve opens and the balloon deflates. 
The cord is drawn through a piece of blasting fuze in the manner 
shown. This fuze, which burns at a known rate, is lighted at its 
lower end just before releasing the balloon. Knowing the approxi- 
mate rate of ascent and the rate at which the fuze burns, the height 
at which the thread will be burned is readily determined by the 
length of fuze used. The fuze burns at the rate of 2^^ minutes per 
meter and weighs 22 grams per meter. 

264. A possible improvement over the use of fuse for opening 
the Rossby deflation valve has been proposed, but not as yet tried. 
This depends on the expansion of an aneroid cell which would open 
the Rossby valve at any predetermined altitude. 

265. Theodolites, — The balloon is followed with one theodolite 
(occasionally two) and free-air wind directions and velocities 
determined. When only one theodolite is used the altitudes for 
successive minutes are determined by dividing the altitude difference 
between two computed levels by the time interval in minutes. 
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FiuuitR 54. — Method used for attaching Kosshy deflation valve to sounding balloon 
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66. Surface ohservatlanH, — Keadin^s of the surface teini)ei*aturc-, 
iiidity, wind direction, clouds, etc., are made at approximately 
ninute intervals during the flight, unless marked changes occur in 

of these elemomts, when more frecjuent readings should be 
le. 

)7. Coviputatioii of records, — The records are computed in the 
p way as are kite records. (See Sec. XI.) 

•8. liecovcnj of equiyiivent, — The altitude at which these balloons 
isually set to deflate is approximately 8 km. With light winds, 

obvious tliat the balloon will not fall very far away and the 
tice is to start out immediately for it after determining its 
oximate location from the theodolite readings. In some cases 
IS been found advantageous to start out before the balloon is 
sed, in the general direction that the balloon is expected to 
'1. It is then possible to kee[) the balloon in sight until it lands. 
11 aid in locating the equipuient, a pilot balhxm is fastened to 
urge balloon with a cord 75 feet or more in lengtli. The pilot 
►on must be inflated suflicientlv so that it will rise faster than 
arge balloon so as to i)revent interference with the instrument. 

will then serve to attract attention after the equipment has 
ed. 

9. Retwn tag. — As a precaution against the equipment not being 
id as readily as expected or in case the deflation valve fails to 
tion, a return card should alwavs be attached, similar to that used 
egular sounding baUoon work. (See Sec. XVII, par. 251.) 
ever, in case of limited-height sounding balloon observations, 
payment oifered for the return of the equii)ment does not 
narily exceed $1. 



Fwnmi 50. — Frce-rlslnB captlvu Liillonn vi 



FREE-RISING CAPTIVE BALLOONS 



XIX. GENERAL DESCRIPTION 

270. Another method of obtaining upper air data when winds 
are too light for kites is to use free-rising captive balloons. Best 
results are usually obtained with wind velocities ranging between 
calm and 5 or 6 meters per second. Con- 
siderable caution is necessary with winds 
between G and 10 meters i^er second, while 
real danger of a breakaway is encountered 
with winds between 10 and 12 meters per 
second, especially with the 0.008-inch 
wire. 

271. Balloon and meteorograph. — The 
same kind of balloon and meteorograph is 
used as in limited-height sounding balloon 
observations. (See Sec. XVIII, par. 261- 
262.) A pilot balloon similar to that used 
with limited height sounding balloons can 
be used in case of a breakaway. (See Sec. 
XVIII, par. 268.) 

272. Reel. — The type of reel used is 
shown in Figure 55. It is fitted with an 
adjustable speed, reversible motor, de- 
signed for single-phase current. The reel 
table can be turned to accommodate any 
wind direction. 

273. Protection against lightning. — The 
balloon reel must be well grounded for 
protection against lightning and atmos- 
pheric electricity. (See Sec. Ill, par. 17.) 

274. Fastening halloon to wire. — Four 
cords from the lugs are tied at a point 
from 4 to 6 feet below the neck of the 
balloon, and a fifth cord is tied from the 
neck to this junction. This gives stability 
and helps hold the balloon in normal posi- 
tion in case one of the lugs breaks. Also, 
it reduces the strain on the lugs without 
endangering the neck of the balloon. 
From this junction a cord is tied with 
about 1 foot of play into the ring on the 
wire. (See fig. 56.) It will be noted 
that the end of the wire is run through 
a piece of small copper tubing and the 
latter twisted into a loop as illustrated. figure 56.— Method used for 

275. The basket containing the meteoro- grifo'on"^(w'''wire''' t ^^very 
graph should hang at least 25 feet below ^-n -pp- tubm.^; Ij^ioop 
the balloon m order to avoid the air in the after inserting wire into 
immediate wake of the balloon. Vibration g^^f "*^'^ ^'^°^ *^^"^^^ ^' 
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of the iiistrutiieiit, which sumutiiiiGs wcm-s when the balloon is beina 
reeled in, eati be greatly reduced by usinj; a stion};: rubber baim 
between the basket and the end of the wire or cord which is tied 
to the basket. To insure against tliis rubber band's breaking, a 
slack piece of cord should also be tied to the basket. 

27G. In order to keep the slack wire off the ground, the reel is 
mounted on an elevated platform. (See fig. 57.) This platform 



FiQUBE 57.— Platform used for mnkiDg Erce-ristng captive baUoon oliservations 

is sometimes built on the roof of the kite reel house as shown in 
figure 58. Best results are usually obtained by reeling the wire out 
sufficiently rapid so that the balloon rises free from all restraints 
except the gradually increa.sing weight of the wire. At the begin- 
ning of the observation when reeling the wire out rapidly it is nec- 
essary to use special care to prevent the wire from jumping off the 
drum and kinking. The wire should not be reeled out at full speed 
until the balloon is far enough to one side of the platform for the 
wire to sag into the o(>en field smoothly. 
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277. Wiw.— Steel niufiic wire, O.OflR, to 0.01:^ iiicli inclusive, (Sec. 
IV, par. 29), is used in tlie«e observations. As in the case of kite 
wire, the balloon wire slionhl be kept oiled, esjwcially after being 
exposed to clouds ami not allowed to be<'on!e kinked. When not in 
use the balloon reel nuist be ke|>t securely covci-ed. (See Sec. IV, 
par. 34.) 



i!78. Caution- lujahixt lirnikiwui/K. — The ballodii sliuulil never be 
permitted to penetrate a sdlid cloud layer when (lie wind condi- 
tions above the clouds aiv imt definitely kudwn. Whenever strong 
winds aloft are unavoidiil)ly eiicnuntiTe<l the halloon should be reeled 
in very slowly and cautiously to ])reveiit a breakaway. 



CEILING BALLOONS 



XX. GENERAL DESCRIPTION 



279. Ceiling balloons are used chiefly to measure the altitude of 
clouds when the latter are in general less than 1000 ft. high and 
cover all, or nearly all, of the sky. The determination of cloud 
heights by this method is based on a definite free lift and the re- 
sulting uniform ascensional rate of the balloon, the latter being fol- 
lowed by eye (without instrument) until it enters the cloud base. 

280. Balloons. — Ceiling balloons are from 4 to 5 inches in diameter 
and inflated with hydrogen gas to a diameter of about 15 in. They 
weigh from 8 to 12 grams each, and are given a free lift of 40 grams. 

281. Inflation device. — The Brady free-lift device (fig. 59) is used 
for this purpose. This is placed on a table so that the rubber tub- 
ing rests thereon. The balloon is attached to the nozzle with two 
No. 17 rubber bands. These are doubled and placed around the 
neck of the balloon after it has been stretched over the nozzle. All 
the air should be expelled by opening the 3-way pet cock and roll- 
ing the balloon to force the air out of the pet cock. Inflation is 
then begun by slowly turning the hydrogen regulator handle to the 
right until a steady flow is maintained. The use of a hydrogen reg- 
ulator is recommended for this work. The balloon should not be 
inflated in less than one minute. The gas is shut off as soon as the 
balloon lifts the nozzle from the table. If too much gas has been 
allowed to enter the balloon, the surplus may be expelled through 
the 8-way pet cock. To remove tlie balloon from the nozzle, the neck 
is twisted several times and secured with two No. 17 rubber bands, 
the latter being tightly wrapped by alternate twists and loops to 
insure a tight joint. Non-elastic cord should not be used for tying 
the necks of inflated balloons. 

282. Rate of aj^cent. — A timepiece indicating seconds should be 
used. The average ascensional rate of these balloons, after beinff 
given a free lift of 40 grams, is 6 feet per second (180 ft. per half- 
minute). The average rate is somewhat greater, however, during 
the first one and one-half minutes, but becomes constant thereafter. 

The following table shows the altitude of the balloon for every 
half minute for the first 8 minutes. 

It will be noted that the rate of ascent is 250 feet for the first half 
minute, 190 feet for the second half -minute and 180 feet for each of 
the following successive half-minutes. 



Time interval (min.) . H 


1 
480 


670 


2 

850 


2\i 
1,030 


3 
1,210 


1,390 


4 
1,570 


1,750 


5 
1,930 


5H 
2,110 


6 
2,290 


6H 
2,470 


7 
2,650 


2,830 


8 


Altitude (feet)-- 250 

1 


3,010 



90 



INSTBUCTIOSS FOR MAKIXG AEBOLOGICAL OBSERVATIOSS 91 




92 INSTRUCTIONS FOR MAKING AEROLOGICAL OBSERVATIONS 

283. Mahituj the ohsevrafion. — The inflated balloon should be 
carried to a point free from obstructions, such as houses, trees, etc. 
It should be released on an exact minute and the eye should not be 
taken from it xnitil it enters the clouds, at which instant the time 
should be noted. The hei<]^ht is then obtained from the table, mak- 
ing necessary interpolations for extra seconds over the last half- 
minute interval. 

284. Color of haJloons, — The balkxms are usually furnished in two 
colors, viz, red and purple. In <j:eneral, the darker color is best seen 
against a dark background. 

285. Danger of explosion, — The same precautions given for the 
use of hydrogen in sounding balloon observations (Sec. XVII, 
par. 242) are necessary in this work. 

286. The balloons should be kept in a cool, dark place, and never 
near any heated radiators, stoves, etc. 

287. When reporting the ceiling, i. e., height of clouds, it must be 
remembered that some clouds have smooth bases and a balloon rising 
to them disappears abruptly when it enters their base. Other t3'^pes 
have billowy and broken bases and when a balloon enters the base 
at one of the lower points of these billows it represents the ceiling 
more accurately than when it enters into a hollow or higher place in 
the cloud. Sometimes balloons drift into definite openings between 
the clouds and disappear. Such disappearances do not indicate the 
ceiling height, and in such cases, or if for any reason doubt exists 
as to the measurements obtained, another balloon should be released 
and the lower of the readings reported as the ceiling height. 
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Fastening — 

Balloon to wire, free-rising captive-- 274 

Meteorograph — 

To free-rising captive balloon _ . 275 

In kite (51,114 

To sounding balloon _ 250 

Fog 159 

Free-rising captive balloon observations 270 

Ice, formation of 1(50, 1(51, 162, laS 

Inflation device, ceiling balloons 281 

Kite- 
Carrying 110, 111 

Fastening to wire 117 

Flights, making 105, 106, 107, 108, 109 

Landing 122 

Launching 118, 121 

Making-- 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53 

54. 55, 56, 57, 58 
Meteorograph — 

Care of 112. 113. 114 

Clock 62. 104 

2952—30 7 93 



